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A 


D I C T I O N A R Y 

OF 


CHEMISTRY. 


SAFFRON 

S AFFRE. See Zaffre. 

SAFFRON, (a). 

SAFFRON of IRON. Chemifts have given the 
name faffron to many preparations which have a yellow co- 
lor* like that of faffron, and particularly to the earth or 
ruft of iron which has that color. 

As iron maybe deprived of its phlogifton by the combin- 
ed aftion of air and of water, by that of air and fire, and, 
laftiy, by acids, different names have been given to faffrons 
of M ars, or ferruginous earths prepared by thefe fever a i 
agents. The ruft of iron made by humid air is called mar- 

fa) Sapp ion. Both water and fpirit extract the color and 
virtue of faffron. The former liquor improves the fmell and 
heightens the color, whilft the fpirit feems rather to weaken both. 
By drying two ounces and a half of the bed faffron in the heat of 
a water-bath, half an ounce of liquor was obtained, which had 
an exceeding ftrong fmell, but had not the appearance ui oil. 
This is the a&ive part of the faffron, which diforders the head and 
fenfes. Six drams of extract were obtained from an ounce cf dried 
faffion by means of water, and five drams and one fcruplc were ob- 
tained from another ounce by means of fpirit. Reflified fpirit ac- 
quired no fmell or tafte by diftillaticn from dried faffron ; bat 
water being thus diftilled acquired a ftrong fmell. Ucutr.an* 
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tial fa fir on prepared with dew , or aperitive fajfron of More. 
Iron, dephlogifticated by vitriolic acid or (ulphur, is alfo * 
called aperitive fajfron of Mars . Laftly, that which is re- 
duced into a calx by the a&ion of fire, is called ajiringent 
fajfron of Mars. See y for the medicinal virtues of thefe prepa- 
rations of iron y the articles Ethiops Martial and Iron. 

As the faffrons of iron acquire different fhades of red 
and orange colors, which they preferve when melted with 
very fufible vitrified matters, they are employed for paint- 
ing on enamel, on pottery, porcelain, and for giving color 
to glafs, or imitations of precious ftones. 

SAFFRON ^METALS. Saffron of metals is the 
metallic earth of antimony, half deprived of its fulphur and 
phlogifton by detonation of crude antimony with nitre, and 
afterwards well wafhed $ or it is liver of antimony deprived 
of all faline matter by a fufficient wafhing. This prepara- 
tion is a violent and uncertain emetic, not ufed by prudent 
phyficians. See Liver of Antimony, and Tartar 
(Emetic). 

S A L M I A C. This word is an abridgement ufed by 
fome for fal ammoniac. See Ammoniac (Sal). 

SALT. The 'word fait, which is fynonimous with fa- 
line matter or faline fubftances, when taken in its moil 
general fenfe, is of all chemical terms that which is appli- 
cable to the greateft number of individuals. In fa&, the 
number of different bodies, which have what chemifts call 
a faline character, or which poffefs the principal faline pro-, 
perties, is fo great that they are very far from being all 
known, as we £hall afterwards fee. 

The effential properties of all matter which ought to be 
confidercd as faline, are, to affeft the fenfe of tafte, to be 
foluble in water, and to have all the principal qualities, as, 
gravity and fixity, in an intermediate degree betwixt thofe 
of water and of pure earth. 

If we attend a little to the principal properties of the fe- 
veral bodies which are confidered as falts or faline fubftances, 
we (hall cafilv find that they do not all poffefs in the fame 
degree the effential faline qualities that we have described. 
We (hall fee that fome falts poffefs thefe qualities in the 
hi^he-l degree, while in others they are fo weak and indi- 
iiind, that in many of them they can lcarcely be difeo- 
vred ; and this diminution of the faline properties is fo 
cunfiderable in many compound bodies, that we may affirm 
that thfc limits winch feparate faline matters from others 

that 
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ftat are not faline, are unknown, indeterminate, and per- 
haps incapable of being determined. 

We are certain, on the other fide, that the faline fub- 
ftances whofe properties are ihoft diftinCt and ftrong, fuch, 
for inftance, as the mineral acids, have great power over 
many other fubftances which have not a faline property ; to 
which, by being combined together, they communicate 
more or lefs of their faline properties ; or rather with which 
they form compounds, in which the faline properties are 
more or lefs fenfible. Sihce experience fhews that thefe 
faline compounds may be decompofed, fo that the fubftance, 
which is not faline, fhall be feparated in its former ftate 
from the faline matter, which alfo fhall recover the faline 
properties in the fame force which it had before this union, 
we may from thence conclude 5 

Firflf, that among the infinite multitude of bodies in 
which we may perceive faline properties, a very great num- 
ber are compofed of a fubftance efientially faline, and of 
one or more other fubftances not faline. 

Secondly, that we ought to diftinguifh well fubftances 
which efientially poflefs faline properties from thofe which, 
not pofleffing any fuch properties themfelves, are only capa- 
ble of receiving more or lefs of them by uniting with fub- 
ftances of the former kind. 

Thirdly, as the number of matters not faline which are 
capable of acquiring a faline character, or rather of form- 
ing compounds more or lefs faline by their union with fub- 
ftances efientially faline, is very great, the number of thefe 
laft muft be very fmall, in comparifon of the number of 
compounds in which faline properties are perceptible. 

To give feme explanation of this extenfive fbbjeCi, we 
muft begin by determining precifely what fubftances eflen- 
tially faline are* and by afiigning a character which can 
diftinguifh them from thofe, which, without containing 
any thing faline, may neverthelefs make part of falts, by 
the union they are capable of contracting with the former. 
Thefe characters are the following : 

All thofe fubftances Ought to t>e confidered as efientially 
faline which have not omy^the charaCteriftic properties of 
falts, as tafte and perfect mifeibility with water, in an 
eminent degree, but which alfo when difengaged can com- 
municate thefe properties, at leaft in part, to the other fub- 
ftances which have them not, by combining with thefe 
latter, from which, when afterwards feparated, they refume 
their former ftate and peculiar faline characters. 

B 2 All 
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All acids and alkalis, mineral, vegetable, or animal, 
fixed or volatile, fluid or concrete, muft be confidered as 
fubftanccs eflentially faline. Each of thefe bodies has the 
properties we have mentioned. Some other fubftances have 
not the properties of acids or of alkalis very diftin&ly ; but 
as they have the properties of falts in general, and are ca- 
pable of acting as acids, and of communicating faline pro- 
perties to the compounds into which they enter, they may 
therefore be confidered as fubftances eflentially faline. Such 
are arfenic and fedrthe fait. 

But if we refledl a little on the particular properties of 
each of the fubftances which feem to be eflentially faline, 
\yc ftiall obferve that they do not all poffefs thefe properties in 
the fame degree. How great the difference is in this refpedl 
betwixt pure, concentrated vitriolic acid and the acid of 
tartar ! They can fcarcely be known to be fubftances of the 
fame kind. The tafte Amply acidulous of cream of tartar, 
its ftate of conftant cryftallization and drynefs, its little fo- 
lubility in water, laftly, the weaknefs of the adhefion which 
it contracts with all the fubftances with which it can unite, 
cannot be compared with the ftrong and corrofive tafte of 
vitriolic acid, with the activity of its feizing moifture, 
with the furprizing heat occafioned by its mixture with w;a- 
ter, laftly, with the extreme force that keeps this body 
united to all the bodies with which it is capable of com- 
bining. The flighted: view of the other fubftances cflln- 
tially faline is fufficient to fhevv that they differ much from 
each other, particularly in their degree of ftrcngth ; in a 
word, that they do hot poffefs the laline properties in the 
fan e degree. 

Thd'e are the confiderations which have undoubtedly de- 
termined the greatcft c hem ills, particularly Stahl, to be- 
lieve that the number of fubftances truly and eflentially 
faline is very final 1, and even that only one faline principle 
ex ills, which by the intimate union it is capable of con- 
tracting with leveral other fubftanc s, conftitutes a certain 
number of matters which poflefs the faline properties in a. 
•degree fuffciently ftrong to preserve thefe properties more 
or lefs in their leveral combinations with other matters that 
are not faline, and to recover them entirely when feparated 
from thefe combinations ; lo that as they clo not themfelves 
undergo any decompoiition, and as they always appear 
again with the fame properties after having been combined 
and feparated, they feem to be Ample matters, eflentially 
faline, although they really are compounds of feveral bo- 
dies. 
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£ es, not faline, united intimately with one only faline 
principle, which is univerfal and always the fame. 

According to this notion, which is grand and perfectly 
analogous to the plan which nature feems conftantly to 
purfue in the different orders of compounds, the queftion 
is to difcover which is the moft Ample of all faline fub- 
ftances, and is the principle of all others. The beft, and 
perhaps the only, method of determining in a queftion of 
this nature, is to compare together the feveral faline fub* 
fiances, and to confider that as the moft Ample of all, 
which poffefles the faline properties in the moft eminent 
degree, and which alfo appears upon all occafions to be 
leall fufceptible of decomposition or alteration ; for all che- 
miftry fhews us, that thefe are the chara&ers of the moft 
Ample bodies, which are capable of becoming principles of 
more compound bodies : but when we examine all the faline 
matters under this point of view, we fhall foon eafily dif- 
cover that we muft begin by excluding all the faline matters 
called neutral /alts ; for any of thefe falts may be deconi* 
pofed by ordinary chemical operations ; and thefe decompo- 
Ations mew that many of them are compofed of two Ampler 
faline fubftances, one of which is called acid, and the other * 
elkali ; alfo, acids and alkalis are not in general fo eafily al- 
tered as neutral falts. In the claffes therefore of thefe two 


faline fubftances, we muft fearch for that which is the 
moft pure and Ample of all. 

If we continue this inquiry upon the fame principles, 
and compare together the faline properties of the pureft and 
ftrongeft acids and alkalis, we fhall eafily be convinced that 
the faline properties are ftronger and more diftin& in acids 
than in alkalis, fince thp former are more a&ive, ^more dif- 
folving, more adhering to the bodies difi'olved, more deli-* 
quefeent, &c. and alfo, that in the feveral operations of 
chemiftry, alkalis Axed and volatile appear to be mote 
fufceptible of alteration and decomposition than acidic 
Amongft acids, therefore, we muft fearch for the ftrongeft 
and Ampleft faline matter. 

Laftly, when we examine in the fame manner, and com-*- 
pare together all the fubftances which have the principal 
properties of acids, and which are called acids, we (hall 
clearly perceive that thofe which are truly vegetable and 
animal, that is, in the combination of which oil enters, 
are inftnitely more weak and fufceptible of alteration than 


acids deprived of all oil, which we call mineral acids ; 
fcmongft which, the vitriolic will be daftly diA;ovwd to b^ 
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'the ftrongeft and moft unalterable* and confequently of all 
bodies which have faline properties, the pureft, mnpleft, 
and the moft fenfibly and cffentiullv a fait. 

Such confiderations have undoubtedly induced the moft 
profound chemifts, and efpecially the iiluftrious Stahl, to 
confider this acid as the pureft and fimplcft of all faline 
matters; and indeed all who are capable of refle&ing on 
the greateft and moft important phenomena of chemiftry, 
will confider this proportion as a demonftrated truth. But 
Stahl carries this notion ftill farther. From his writings, 
and the whole of his doctrine, we may infer, firft, “ That 
** he confiders the vitriolic acid as the only fubftance elfen- 
cc tially faline ; as the only faline principle, which, by 
** uniting more or lefs intimately with other fubftances that 
iC are not faline, is capable of forming an innumerable 
“ multitude of the other faline matters which nature and art 
<c (hew to us; and, fecondly, that this faline principle is a 
fecondary principle, compofed only of the intimate union 
of two primary principles, water and earth.” 

Every true chemift will eafily difeover that this grand 
idea is capable of comprehending by its generality, and of 
oonne&ing together, all the phenomena exhibited by faline 
fubftances. But we muft at the fame time acknowledge, 
that when we examine the proofs upon which it is founded, 
although it has a great appearance of truth by its confiftency 
with the principles of chemiftry, and with many phenomena, 
yet it is not fupported by a fufficient number of £a<fts and 
experiments to afeertain its truth. 

We might here examine what degree of probability ought 
to be granted to this theory of falts, but this covild not 
be properly accomplifhed without entering into long details,’ 
and penetrating into the depths of chemiftry ; in a word, 
without making a full and compleat treatife, which cannot 
be admitted in a work of this nature. We are therefore 
obliged to relate only what is moft ciTential to be known 
concerning this grand hypothefis. We may perceive at 
once, that the former of thefe proportions, upon which is 
founded the theory which we mentioned, cannot be demon- 
ftrated, unlcfs it be prcvioufly proved that every faline 
matter, excepting pure vitriolic acid, is nothing but this 
fame acid differently modified, the primary properties of 
which are more or lefs altered or difguifed by the union 
contracted with other fubftances. But we confefs, that 
chemifts are not capable of proving decifively this opinion; 
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which, however, will appear very probable from the follow- 
ing reflexions. 

r irft, of all faline -matters known, none is fo ftrong, fo 
unalterable, fo eminently pofiefled of faline properties, as 
vitriolic acid . 

Secondly, amongft the other faline fubftances, thofe 
which appear moft aXive, and moft fimple, as nitrous and 
wsarine adds , are at the fame time thofe, whofe properties 
moft referable the properties of vitriolic acid. 

Thirdly, we may give to vitriolic acid many of the cha- 
raXeriftic properties of nitrous acid, by combining it in a 
certain manner with the inflammable principle, as we fee in 
the volatile fulphureous acid. See Acid (Volatile Sul- 
phureous), and Acid (Nitrous) : and even, according 
to an experiment of Mr. Piech, related in a Memoir con- 
cerning the origin of nitre, which gained the prize of the 
Academy of Berlin, vitriolic acid, mixed with vegetable 
and animal matters fufceptible of fermentation, is really 
transformed into a nitrous acid by the putrefaXion of thefe 
matters. 

Fourthly, the marine acid, although its principles are 
lefs known than thofe of the nitrous acid, may be approxi- 
mated to the charaXer of vitriolic and nitrous acids by 
certain methods. This acid, after it has been treated with 
tin and other metallic matters, is capable of forming ether 
with fpirit of wine, ^s vitriolic acid does, which it cannot 
do in its natural ftate; and when iron is diflblved in it, it 
feems to be approximated to the nature of nitrous acid. 
Reciprocally, the approximation of vitriolic acid to the 
charaXer of marine acid feems not impoflible. Having 
once difHlled very pure vitriolic acid upon a confiderable 
quantity of white arfenic, I was (truck with a ftrong fmel} 
like that of marine acid ? which was not either that of 
arfenic or of vitriolic acid $ for this has no fmell, when 
it is pure. 

Fifthly, oily vegetable acids become fo much ftrongcr, and 
more (imilar to vitriolic acid, as they are more perfeXly de«: 
p rived of their oily principle, by combining them with 
alkalis, earths, or metals, and afterwards by feparating 
them from thefe fubftances by diftillation, and elpecially 
by frequently repeating thefe operations. They might 
perhaps be reduced to a pure vitriolic acid, by continuing 
fufficiently this method: and reciprocally, vitriolic and 
nitrous acids weakened by water, and treated with much 
pily matters^ or (till better with fpirit of wine, acquire the 
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characters of vegetable acids. We may fee a remarkable 
infiance of this in Mr. Pott’s Dijfertatio de Acldo Nitri Vinofo. 

Sixthly, the properties of fixed alkalis item to be very dif- 
ferent froen thole of acids in general, and confequently of 
vitriolic acid. Yet if we confidcr that a large quantity of 
earth enters their compofition j that much of it may be 
feparated by repeated folutions and calcinations ; and alfo 
that by depriving thefe faline fubfiances of their earthy 
principle, they become lefs fixed, more deli quefeent, and, 
in a word, more limilar to vitriolic acid in this refped ; wc 
(hall not think it improbable, that nxed alkalis owe their 
laline properties to a faline principle of the nature of vitriolic 
acid, but much dilguifed by the quantity of earth, and pro- 
bably of inflammable principle, to which it is united in 
thefe combinations. The properties of volatile alkalis, 
and the transformation of fixed alkali or of its materials into 
volatile alkali in putrefaction and in feveral diftillations, 
lecm to fhew fuificiently that they are matters effentially 
faline, as fixed alkalis are, and that their volatility which 
diftinguiilics them proceeds from their containing a lefs 
quantity of earth, but more attenuated, and a portion of 
very fubtle and volatile oil, which enters their compofition. 

fkfidcs thefe principal fads, there are many others, too 
numerous to be even (lightly mentioned here : they may be 
found fcattcred in the works of chemifts, particularly of 
Stahl. But perfons who would coiled and compare all 
the experiments relating to this fubjed, ought to know, 
that many of them arc not fufficiently afeertained, and that 
perhaps a greater number of them have not been fuffi- 
cicntiy profccutcd, and arc, properly fpeaking, only begun. 
We muft even acknowledge, that many of thofe experi- 
ments which wc have mentioned have not been fufficiently 
profixuted. Sec all the articles of Acids and Alkalis . 

Thoftcond fundamental propofition of the theory of falts, 
namely, “ that the vitriolic acid is compounded of only the 
u acne ous and earthy principles,” is, like the fir 11, fu im- 
ported by many fads which give it a degree of probability, 
but wait.;) do not amount to a corn pleat demonllration. 
'This pio-cijiiion maybe fupported by the following con- 
fid-mtio;:'. 

Firfi, experience ccnftar.tly (hews, that the properties 
of compand bodies am always the refill t of rhofc of the 
component parts of thefe bodies, or rather they are the 
properties of thefe component bodies modified by one ano- 
tm.r. 

Thu? ; 
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Thus, if a body be compofed of two principles, one of 
which is Axed and the other volatile, it will have a lefs de- 
vice of fixity than the former, and a lefs volatility than the 
otter. If it be compofed of two principles, one of which 
b fpecifically heavier than the other, its fpecific gravity 
will be greater than that of one of them, and lefts than 
that of the other. The fame obfervation is applicable to 
all the other efiential properties, excepting thofe which de- 
ftroy each other, as, for inftance, the tendency to combi- 
nation, or the diffolving power ; for thefe latter properties 
are weakened fo much more in the compounds, as their 
principles are more ftrongly united, and in more juft pro- 
portion. 

We obferve neverthelefs, that the properties of com- 
pound bodies are not always exa&ly intermediate betwixt 
the properties of the component bodies ; for, to produce this 
mean, the quantities of each of the component parts muft 
be equal, which is the cafe in few or no compounds. 

Befides, fome particular circumftances in the manner in 
which the principles unite with one another, contribute 
more or lefs to alter the refult of the combined properties ; 
for inftance, experience fhews, that when feveral bodies, 
particularly metals, are united together, the fpecific gra- 
vities of which are well known, the allay formed by luch 
union has not the precife fpecific gravity which ought to 
refult from the proportion of the allayed fubftances $ but 
that in fome allays it is greater, and in others lefs. But 
we are certain, on the other fide, that thefe differences are 
too inconfiderable to prevent our diftinguifhing the pro- 
perties of the principles in the compounds which they form, 
efpecially when they have very different properties. 

Thefe things being premifed, when wc examine well the 
properties of vitriolic acid, we (hall eaiily find that they 
partake of the properties of the aqueous and of the earthy 
principles. 

Firft, when this acid is as pure as we can have it, it is 
like the pureft water and the pureft vitrifiablc earths, free 
from color or fmcll, and perfe&ly tranfparent. 

Secondly, although we cannot deprive the vitriolic acid 
of all the water fuperabundant to its falinc eflcnce, and 
therefore its precife fpecific gravity has not been determined, 
we know that when it is well concentrated, it is more than 
twice as heavy as pure water, and much lefs heavy than any # 
earthy fubftance. 

k * Thirdly, 
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Thirdly, this acid is much lef$ fi^e4 than any pure earth. 
Cnee, however well it may be concentrated, it may always 
be entirely diftilled ; for which purpofe, a much ftrongcr 
degree of heat is requilite than for the diftillation of pure 
water. 

fourthly, we do not know the degree of folidity of 
vitriolic acid, or the adbefeon of aggregation which its inte- 
grant parts have one to another, becaufe for this purpofe 
the vitriolic acid ought to be deprived of ail fuperabundant 
water ; but if we judge of it by the folid confidence of this 
acid when highly concentrated, as we lee from the vitriolic 
acid called glacial y the integrant parts of this acid feem fuf- 
ceptible of a much ftronger adhefion than thofe of pure 
water, but much lefs than thofe of earth, as we fee from 
the inftance of hard ftones. 

Fifthly, the union which this acid contrafts with water 
and with earths, fhews that thefe fubftances enter into its 
eompofition : for we know that in general compounds are 
difpofed to unite fuperabundantly with the principles which 
pompofe them. All thefe properties of vitriolic acid, which 
fo feniibly partake, and much more than any other acid, 
of the properties of earth and of water, are fufficient to 
induce us to believe that it is compofed of thefe two prin- 
ciples; but it has one very eminent property, which is 
common with it to neither water nor pure earth, which is, 
its violent and corrofive tafte. This property is fufiicient 
to raife doubts, if we could not explain it from principles 
which feem certain and general, relating to the combina- 
tion of bodies. We fhall here fummarily recapitulate them, 
although we have fpoken of them in feveral articles of this 
work, particularly at the words Affinity, Aggrbga-* 
tion, Solution, Composition, Gravity, Satura- 
tion. 

We obferve then 1 concerning the property now iij 
queftion, that is, of tafte in general, that it can only be 
confidcred as an irritation made upon the organs of tafte 
by fapid bodies : and if we refied attentively upon it, 
we (hall be convinced that no ftibftance that is not im- 
p re (Jed by fome impulfe, can irritate or agitate our fenfible 
organs, nut by a peculiar force of its integrant parts, or by 
their tendency to combination, that is, by their difTolving 
power. According to this notion, the tafte of bodies, op 
the impreffion made upon our fenfible organs by their ten- 
dency to combination, or by their difTolving power, are the 
fame property; and we fee accordingly, that every folvent 
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has a tafte which is fo much more ftrong, as its diflolving 
power is greater that tbofe whofe tafte is fo violent that it 
amounts to acrimony, corrofion, and caufticity, when 
applied to any other of the feniible parts of our boay befides 
the organs of tafte, excite in them itching and pain. 

This being premifed, the queftion is, how earth, in 
which we perceive no tafte nor diflolving pqwer, and water, 
which has but a very weak diflolving power, and little or nq 
tafte, fhould form by their combination a fubftance, fucb as 
the vitriolic acid is, powerfully corroflve and folvent? 

To conceive this, let us conflder, firft, that every part of 
matter has a power by which it combines, or tends to com- 
bine with other parts of matter. Secondly, that this force, 
the effe&s of which are perceptible, in chemical operations, 
only among the very fmall molecules, or the integrant and 
conftituent parts of bodies, feems proportionable to the den- 
sity or fpecific gravity of thefe parts. Thirdly, that this 
lame force is limited in every integrant molecule of matter; 
that if we confidef this force as not fatisfied, and conse- 
quently as a Ample tendency to combination, it is the 
greater poflible in an integrant molecule of matter perfe&Jy 
infulated, or attached to nothing, and is the fmalleft poflible, 
or none, when it is fatisfied by its intimate combination 
with other parts capable of exhaufting all i;s action; its 
tendency is then changed into adhefion. 

Hence we may infer, that the integrant parts of the earthy 
principle have eflentially, and, like all the other parts of 
matter, a force of tendency to union, or of cohefion in 
Union, according to their condition ; that as this earthy prin-> 
ciple has a much more confiderable denfity or fpecific gravity 
than all other fimple bodies that we know, we. may probably 
prefume that its primary integrant molecules have a more 
confiderable force of tendency to union, in the fame pro- 
portion, than the integrant parts of other principles ; that 
confequgently when they cohere together, and form an ag- 
gregate, their aggregation muft alio be ftronger and firmer 
than that of any other body. Accordingly we fee that the 
pureft earthy fubftances, whofe parrs are united and fora} 
roafles; fuch as, for inftance, the ftoncs called verifiable, 
axe the hardeft bodies in nature. We arc no kfs certain, 
that as the tendency of the parts of matter to unite is fo 
much lefe evident as it is more exhaufted and fatisfied in 
the aggregation, the parts of the earthy principle being 
capable of exhaufting mutually all their tendency to union, 
may thence infer, that evpry fenfible mais of pure earthy 
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matter muft appear deprived of any diflolving power, of 
tafte, in a word, of tendency to union, from the firmnefs 
of its aggregation. But we may alfo infer, that when thefe 
primary integrant parts of the earthy principle are not 
united together in aggregation, then, refuming all the 
aftivity and tendency to union which are eflential to them, 
they muft be the ftrongeft and mod powerful of all fol- 
vents. 

Thefe being premifed, if we fuppofe again, with Stahl 
and the beft chemifts, that in the combination of the falinc 
principle or of vitriolic acid, the parts of the earthy prin- 
ciple are united, not with each other, as in the earthy 
aggregation, but with the primary parts of the aqueous 
principle, each to each, we may tnen eafily conceive that 
the primary integrant parts of the water having eflentially 
much lefs tendency to combination than thofe of earth, 
the tendency of thefe latter to union will not be exhaufted, 
but fatisfied only partly, by their combination with the 
former, and that confequently a compound muft refult, the 
integrant parts of which will have aftrong diflolving power, 
as vitriolic acid is. 

We may fee from hence how much miftaken chemifts 
are, who, confidering earth only in its aggregation, or 
rather not attending to this ftate, and not diftinguifhing it 
from that ftate in which the parts of this fame earth arc fo 
feparated from each other by the interpofition of another 
body, that they cannot touch or cohere together, have con- 
fidered the earthy principle as a fubftance without force or 
action, and have very improperly called that a paffhe prin- 
ciple, which of all others is the ftrongeft, mod adtive, and 
pioft powerful. 

However this general theory of falts may conform with 
the moft important phenomena of chemiftry, we muft 
acknowledge that it can only be propofed as a fyftematical 
opinion, till it be evidently demonftrated by the decifive 
means employed in chemical demonftrations, namely, by 
decompofition and recompofition : thus, if we could re- 
duce vitriolic acid to earth and water, and make that acid 
by combining together thtfe two principles, this theory 
would ceafe to be a fyftem, and would become a demon- 
ftrated truth. But we muft confefs that this theory is 
lefs fupported by experiment than by argument, from the 
many difficulties that are inevitable in fuch inquiries. For 
on one fide, we know that the Ampler bodies are, the more 
difficult is theii decompofitiojij an<J on the other lide, the 
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Wronger the aggregation is, the greater is the difficulty of 
making it enter into a new combination* Thus, as vitriolic 
acid is very fimple, fince it is a compound of the firft order, 
it ought ftrongly to refift decompofition : and as the aggre- 
gation of pure earth is the firmeft that we know, it cannot 
eafily be made to enter as a principle into a new combination 
with water to form a faline matter. The following are the 
principal experiments which have been made relative to this 
fubjedf. 

Firft, we feem to be certain, from many proofs, that 
all faline fubftances, comprehending thofe that contain 
vitriolic acid, as vitriolated tartar, Glauber’s fait, and 
other vitriolic falts which are fufficiently fixed to fupport a 
perfedl drying, or rather calcination, being alternately dif- 
iblved, dried, and calcined a number of times, are more 
and more diminiihed in quantity, and that earth and water 
are feparated from them each operation. But alkaline falts 
appear to be ftill more fufceptible than any other faline' 
matter of this kind of decompofition. 

Secondly, when nitre is burnt in clofe veffels, fo that we 
may retain not only all that remains fixed after this burning, 
but alfo what exhales in vapors, as in the experiment of 
the clyflus of nitre, we have a proof which feems decifive, 
that the mineral acid of this fait, which is not very far 
from the fimplicity of vitriolic acid, is totally decompofed 
and reduced into earth and water. For if we examine the 
fixed reliduum in the retort, we find that it is only the 
alkali that was contained in the nitre, charged with a fuper- 
abundant earth, which is feparable from it by folution 
and filtration. And if the liquor in the receiver, formed 
by the vapors condenfed them, be examined, which ought 
to be nitrous acid, if this acid had not been deftroyed, we 
find that, fo far from being acid, it is only pure water, 
fometimes even charged with a little fixed alkali, which 
had been raifed by the force of the detonation. Thus 
nitrous acid is made to difappear in this experiment, and in 
its place we find only earth and water. See Acid (Ni- 
trous), Clvssus of Nitre, Detonation of Nitre, 
and Nitre. 

Thirdly, the phenomena of limeftone, which by calcina- 
tion and extinction in water acquires faline properties that 
it had not before, its attenuation by fire, and its combina- 
tion with water ; and alfo the experiment of Beecher, who 
aliens, that if a verifiable ftone be alternately made red-hot 
and extinguifhed in water a number of times, it may be 


Digitized by t^ooQle 



SALT 

fo attenuated, that it (hall be like a faline gelatinous 
matter; thefe, I fay, (hew that faline matters are actually 
formed by the intimate combination of the very attenuated 
parts of earth with thofe of water. We find in the writings 
of Beecher and Stahl, and particularly in the Specimen Bee - 
cherianum of the latter author, many other obfervations and 
experiments tending to prove the fame propofition ; but 
we mud confefs that none of the experiments we have 
mentioned, excepting that of the decompofition of nitrous 
acid by burning, are abfolutely decifive, principally be- 
caufe they have not been fufficiently, repeated, or profe- 
cuted, nor carefully enough examined in all their circum- 
ftances. 

Such is the adlual (late of the bed theory of faline fub- 
ftances hitherto given. However fine and probable it may 
feem, it requires to be further illuftrated, and better proved, 
cfpecially by experiments. They who love inquiries, into 
the fublimeft parts of chemiftry cannot engage in a more 
interefting fubject. 

As fub dances eflentially faline, and particularly thofe of 
their combinations which are called J'altS) are very numerous, 
we (hall here merely enumerate them, that we may have 
them at one view. For the details we refer to the particular 
article of each of thefe faline matters. We (hall fee by 
this kind of view, that although many combinations are 
known, many alfo are not known, becaufe they have never 
been made ; and many others are known but imperfectly, 
becaufe they have not been fufficiently examined. 

Subftanccs c-flentially faline arc, acids, alkalis, and neu- 
tral falts with balls of alkali. 

The fimpleft and ftrongtd acids, called mineral acids y 
are, vitriolic acid , called alfo univcrfal acid , or faline prin- 
ciple. 

Nitrous acid,, common! v called fpiritof nitre or aqua-fortis 

Marine acid) called alio fpirit of falt y and acid of common 
fait. See all thefe articles. 

The acids Ids iimplc and let's ftrong than the mineral 
acids are thofe which have entered into the combinations of 
vegetables and animals, and which are united to a certain 
quantity of oil more or lefs attenuated. Thefe are crydal- 
lized emntial acid falts, fuch as tartar) called cream or cryf- 
tals of tartar, when it is purified. See Tartar. 

The acid cf vinerar, which proceeds from an acid fer- 
mentation, and is hfclf not only oily, but alfo fpirituous. 
Vinegar. 

The 
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The unfermented acids of Jharp fruits end plants , as the 
juice of goafeberries , citrons , forrel &c. Thefe acids have 
not been examined. 

The acids and acid fpirit obtained in the diftillation of 
vegetables, of their extra&s, effential falts, oils, balfams, 
and refins. As all thefe acids are united to an empyreu- 
matic oil, they may be called empyreumatic acids . They 
have not been examined. 

The acids obtained from animal fubftances are : 

The acid obtained in the diftillation of ants y J ties , and 
other infects ; and the acid obtained in the diftillation of 
hstter or of fat. Thefe acids are empyreumatic ; they are 
very volatile, pungent, and penetrating. They have not 
been examined. See Butter and Fat. 

Pbojpboric acid , the origin and nature of which are not 
fo well known that we can determine to what kingdom it 
belongs. See Phosphorus of Kunckel, and Salt (Fu- 
sible; of Urine. 

Alkahs or faline alkaline fubjlances are. 

The fixed alkali of common fait, called alfo mineral or fojftl 
alkali , marine alkali , cryjlals and fait of foda> becaufe it is 
obtained by lixiviation and cryftallization from the aihes 
called foda. 

Vegetable , or comnyn fixed alkali. It is often called fait of 
tartar, or alkali of tartar, in the works of chemifts, becaufe 
the aihes of tartar farniih the largeft quantity of it. Both 
thefe fixed alkalis are called, caujlic fixed alkali , when they 
have been altered by quicklime, or by metallic calxes. See 
Alkali (Fixed). 

Volatile alkali. That is called fluor volatile alkali which 
has been altered by quicklime, or by metallic calxes, fo 
that it afterwards cannot be obtained in a folid or concrete 
form. See Alkali (Volatile). 

NEUTRAL SALTS. 

Formerly thofe only were called neutral falts which were 
compofed of acids ana alkalis united together to the point- 
of faturation, fo that they had no acid or alkaline property, 
and thence they were called neutral. But now this name 
is commonly extended to combinations of acids with all 
fubftances with which they can fo unite, that they lofe 
entirely, or nloftly, their acid qualities, as, for inftance, 
when they are united with earthy or metallic fqbftances. 
We (hall enumerate thefe neutral falts, obferving the order* 
of the acids already enumerated. 

VITRIOLIC 
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nitrous Salts. 

Nitrous acid, combined with alt the fubftances of which 
we have juft mentioned the combinations with vitriolic acid, 
forms falts to which we may give the general names of nitrt 
or nitrous fait, fpecifying each fait by the name of the fub- 
fiance united with the acid. 

Nitrous acid with fixed vegetable alkali forms ordinary 
nitre , or faltpetre. 

With marine alkali it forms cubic or quadrangular nitre . * 

With volatile alkali, nitrous ammoniacal fait , or ammoniacal 
nitre . . 

With calcareous earths, nitre with bafts of calcareous earth . 

With argillaceous earths, nitre with bafts of argillaceous 
earth , a kind of nitrous alum little known. 

With metallic fubftances, metallic nitres . ~ 

With gold, nitre of gold, unknown. 

With (liver, nitre of fiber, lunar nitre , lunar cryflals , or 
erjfials of JUver . 

With copper, nitre of copper , or cupreous nitre . 

With iron, nitre of iron , or martial nitre.' 

With tin, wfr* of tin , unknown. 

• With lead, nitre of lead , or cryflals of lead . 

With mercury, nitre of mercury, mercurial nitre, cryflals of 
mercury ... * 1 

With regulus of antimony, m/rr of antimony , unknown. 

With bifmuth, of bifmuth , cryflals of bifmuth. 

With xinc, its calx and flowers, nitre of zinc, unknown. 

With regulus of cobalt, nitre of cobalt, not much known. 
Mr. Beaume has begun to examine it. 

With arfenic and its regulus, nitre of arfenic, or arfenical 
nitre, very little known. See Nitres (Metallic), or 
with Metallic Bases.. See alfo the articles Acid (Ni- 
trous), the articles of all the fubftances we have mentioned, 
andthoft of the nitrous falts which have particular names . 

• MARINE SALTS, or ftmply, SALTS. 

Marine acid iforms with all thef$ fubftances. falts which 
may be called by the general naime of marine falts, ox /imply 
falts, and fpecihed by the names of their particular bales. 
Thus, ' * \ \ . 

With marine alkali, it fpcms common fait, kitchen fait, 
f ea ~f a lU when extracted from the fea, and fat gem when dug 
from the earth.* ' * 4 u *' - 1 - ‘ 

Vol.III. C ” With 
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VITRIOLIC SALTS. 

Yitrkdie acid combined with marine alkali farm* ■. 
known br the name of GUwbrs Jdi ir, or Jkl warmhUe 
With tixrd rrgetabk alkali it forms a fait called 
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With fixed vegetable alkali, foramen fait with bafis of vege- 
table alkali , called febrifugal fait of Sylvius improperly, be- 
caufe it is no more febrifugal than any other $ and ftill more 
improperly called regenerated feafalt , becaufe it differs effen- 
tially from fea-falt by the nature of its bafis. 

With volatile alkali, it forms fal ammonidc , formerly 
armoniacy and by fome chemifts called falmiac . 

With calcareous earths, a fait with bafis of calcareous earth . 
As this fait is obtained in the decompolition of fal am- 
moniac by means of quicklime, or other calcareous earths, 
chemifts have improperly, called the fait made in this 
manner fixed ammoniac , when it is dry j and oil of lime 3 
when it is liquid. 

With argillaceous earths, it forms a fait with bafts of ar- 
gillaceous earthy very little or not known. 

With metallic fubftances, it forms fait s with metallic bafes y 
fpecified by the name of each bafe. Thus, 

With ^old, it forms a fait of gold y unknown. 

With lilver, it forms a fait of filvery known by the liame 
of Inn a cornea . 

With copper, it forms a fait of copper , not much ex- 
amined. 

With iron, ^ fait of irony or fnartial falt y riot much ex- 
amined. 

With tin, a fait of tin . This combination, like thofe 
of the marine acid with metallic matters, may be made 
by diflolving immediately the metal in the acid : but it may 
be ftill better made by dccom£>ofing, with the affiftance 
of heat, and by means Of the metal intended to be united 
with the marine acid, a combination already made of this 
acid with fome other metallic fubftance ; which is always 
poffible when the affinity of the metal to be combined is 
greater than that of the metal already combined. Thus 
we may form eafily a cryftallizable fait of tin, by diffolving 
this metal diredly in marine acid in the ufual manner : this 
fait is but little known. The fame combination is made 
by decompofing corrofive fublimate by means of tin, and by 
diftillation. Thus we may obtain a combination of tin 
with marine acid, one part of which partes with excefs of 
acid in Form of a very fmokiilg liquor, called fmoking fpirit 
of Libdvius ; arid the other part which does not fmoke, 
and wfiich contains a larger proportion of tin, is fublimed 
in'a foifd’ftatfe, ahd is Called butter of tin. 

With' ttZ&y'ftilr'of ktidy ' k h6Wn ‘ alio b y the mint plumbum 
iornettm . 

With 
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With mercury, fab af mtrpity* It has different names 
according to the manner of making it, and according to the 
proportions of marine *cid *nd mercury. It is called 
white precipitate , when it j$ feparated from the nitrous acid 
by means of marine acid ; mercury corrofrve fublimate f Qr 
fimply. carrofiue fublimate> when it is a&Ually fublimed, and 
with arch proportions of mercuiy and acid, that a very 
cscroGve fait refplts frpnp them j fweet mercury , fweet fubll - 
mate , and aquila alba } when fublimed with an additional quan- 
tity of mercury by which its corrofive quality is blunted. 

With regulus pf antimony, it forms an antimonial fait 
Vy diftillation. It is called butter of antimony . 

With bifmuth, it forpw a ,/fe/f 17 bifmuthy not much exa- 
miaed. 

With zinc, and its calx andHowere, a fait of zinc , little 
kpown. 

With regulus of cobalt, a fait of cobalt , alfo little known. 

With arfenic and its regulus, a fqlt of arfenic> or butter of 
arfenic , little known. 

Wc may pbferve concerning all thefe combinations of 
marine acid with metallic matters, that, as this acid i 9 very 
jroJatile, ,and^s it is capable of adhering ftrongly with thefjb 
fubftances, it dpes accordingly carry along with it more 
qr lefspf tjiem in Sublimations and diftillations ; which is the 
reafon that thefe falts are variable, as to the proportion^ 
of acid and metal which Unite together, or which remain 
uqited, either dire&ly by folution, or by diftillation and 
fublimation, as we fee from the phenomena exhibited by 
{omeous metals, as tin ajid regulus pf antimony. Although 
Cbcraifts, and ftill more, ^lchemifts, have operated much 
pn certain combinations of metallic fubftances with marine 
acid, much yet remains to be done to illuftrate this fubje& t 

We may here pbferve, that aqua regia, compofed of ni-* 
trous and marine acids, which is in general a great folveht 
of metallic matters, muft form with many of them mixed 
falts, fame of which are perhaps of peculiar natures: but 
thefe combinations do not feem to have been examined 
hitherto as fajts, no more th^n many others, as we may 
cafily fee from the prqfent, enumeration* See the articles 
Acid (Marine), an£ of the fetieral fubftances ivitb which wo 
-hove mentioned its combinations* 

TARTAKEOUS SALTS. 

v W]c .give tjhjs name to. the combinations of the apid 
of tartar, or of other concrete vegetable aeiqs analogous to 

C 2 it. 
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it, with the fevcral fubftances capable of uniting with thefe 
acids. But very few of thefe falu are known, which are in 

f ;eneral called foluhle tartars, becaufe they are all more fo- 
uble in water than the acid of tartar irfelf. 

The combination of cream of tartar with fixed vegetable 
alkali forms a neutral cryftallizable fait, called f.lublc tartar , 
tartarifed tartar , and vegetable fait . See this latter word . 

With marine alkali, it forms the fait known by the name 
of fait of Saignctte , fal polyehrcf, fdt of Rochelle . 

. With volatile alkali, a foluhle ammoniac tartar, unknown. 

With calcareous earths, foluhle tartars with bafis of calca- 
reous earth , very little known, but which appear iimilar to 
the foluhle tartars with bafis of fixed alkali. 

With argillaceous earths, filuble tartars .with bafis of argil - 
laceous earth , unknown. 

With metals, foluhle tartars with metallic bafes , foluhle tar- 
tars of gold, of [fiver, &c. which are all unknown, excepting 
the loluble tartars with bails of iron and of glafs of antimony. 
The former is deliquefeent, and called, when liquid, tar- 
tarifed tinfture of iron, or of Mars ; and when evaporated, 
martial extract . It ought to be called foluhle martial tartar . 
See Tartar (Soluble), and the other names here men- 
tioned. Tlie fecond foluble tartar with metallic bafis is 
called emetic or filiated tartar . See Tartar (Emetic). 

ACETOUS SALTS. 

We fhall give this name to all falts containing the acid 
•f vinegar. 

With fixed vegetable alkali, it forms a deliquefeent fait, 
called improperly terra foliate: tar tart , and regenerated tartar . 

With marine alkali, it forms a cryftallizable lalt not 
much known, to which no name has been given. It may 
be called acetous fait with bafis of marine alkali. 

With volatile alkali, an acetous ammoniacal fait , imper- 
fectly known, and named ff.dt of Minder crus . 

With calcareous ernths, fevcral acetous falts with calcareous 
bxifes, very fimilar one to another, ar.d fufc -ptible of cryftal- 
lizing, and forming beautiful f: iky vegetations, loine of which 
are fuperficially known, and named fait: of chalk, of crabs 
eyes, of coral. See. 

With argillaceous earths, 'an acetous argillaceous fait , un- 
known. 

. Witfi metallic fubftanccs, an acetous fait with metallic 
bafis, of gold, fiver , which are all unknown,' excepting 
the three following : 

With 
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With copper, an acetous fait of copper , known in chemiftry 
by the names, yryftfih'offenu?, or of V»d*g*ife~ and in com- 
merce and arts by the name diJliUed , or cryjlallhud verdi grift. 

“With Ihady.ziv acetous felt ofljead, known by the name of 
Jolty or fugar of lead. . . _ ■ • • 

. With mercury, an . qc?tiiq t mercurial fait, lately fo named, 
but little known. 

VEGETABLE SALTS. 

This general name may be given to all neutral falts com- 
po fed of the acid juices, concrete faltSy natwal or unfermented 
acid) of vegetables , with; the feyexai fubftancea capable or 
uniting with thefe acids j but none of thefe falts are yet 
inown. t 

VEGETABLE EMPYREUMATIC SALT V 

Neither v 3oSve krtov/ ariy thing of the falts which might 
be formed with the acids obtained by the diftillation of ve- 
getable matters, which furnHh acid lpirits or concrete acids, 
and which might be called vegetable empfrewnati c falts. \ 

■ ANIMAL EMPYRETJMAT1C SALTS. 

By this name we may diftinguHh neutral felts compofed 
with adds obtained ftorri the diftilltitionof' animal mat ten* 
as the acrdrbfinftfls, of butter, and effbty hot all thefe falts 
are perfectly unknown*. - * * J *** * . * * *' 

Although w^h*ve givqv the epithet gmpyreumatic to falts 
formed with vegetable anaarfimal add®, obtained by diftil- 
lation of thefe fubftances with a heat greater than that of 
boiling water, we do not mean to imply,^ that thefe falts, if 
they were yyell made .and purified, would retain an empy- 
reumatic character, or any f>art of the burnt oil which ad- 
heres <to : thefe acids after difiillation., Qn the contrary, 
thefe acids* may be deprived entirely or partly of this oil 
by paging into combinations of neutral falts, as happens to 
volatile alkalis when transformed into ammoniacal falts : 
.but in; this cafe we <piould be better able :to examine the 
nature of thefe acids, and the epithet empyreumatic would 
only refer to the manner of obtaining them, and Would ferve 
to diftingutlh them/frpm thofe vegetable or animal falts, the 
acids of which have been obtained without diftillation in 
a naked fire. “ 

, C 3 PHOS- 
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PHOSPHORIC SALTS. 

By this general name we mean all falts produced by com- 
bining the acid of phofpborus of urine with alkaline, earthy, 
ind metallic fubftances, a finall part of which falts is known 
even imperfeftly. 

With fixed vegetable alkali, this acid forms a phofphoric 
fait, a kind of faftble fak of urine . 

With marine alkali, it forms another phofphoric fait, or fu~ 
fble fait of urine with bafts of marine alkali . It is not 
known. 

, With volatile alkali, a phofphoric ammontacal fait, called 
alfo fuftble fait of urine , native fait of urine, microcojnjtc fait . 

With calcareous and argillaceous earths, phofphoric , cal - 
tareous , and argillaceous falts , not known. 

With metallic fubftances, phofphoric metallic falts of gold, 
fiver, topper , &c. very little known. See the article Phos- 
phorus. 

Befides the falinc fubftances which have fenfible acid pro- 
perties, feme fubftances, as fedative fait and arfenic, tvith* 
out having thefe properties, do neverthelefs aft as acids in 
their combinations with all fubftances capable of uniting 
with true acids, of forming with thefe fubftances kinds of 
neutral falts, and even of communicating, like the acids 
properly fo called, faline properties to thofe fubftances 
which nave them not. Thefe combinations are by general 
confent clafled amongft neutral falts. 

BORAX, or SALTS */ BORAX. 

The fedative fait, combined with marine alkali, forms 
ordinary borax . 

With fixed vegetable alkali, a kind of borax , not touch 
known. 

With volatile alkali, in arrtnmiacal borax , not much 
known.* 

With calcareous and argillaceous earths, calcareous and 
argillaceous borax , unknown. 

vVith metals, borax with metallic bafts of gold , fitter, &c. 
unknown. 

AUSiNICAL SALTS. 

Arfenic forms, with fixed vegetable alkali, a neutral Talt 
perfectly foluble in water, and cryftalliaable, called by Mr t 

Mac<juer* 
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fintply f/»¥/4 4ff A&ssnjc^ Salt (Neutral 

A»?w»»C44,). 

Wirl} gw»«K »)•«!*» W°$eF arfeftipal ¥«y Uke $e 
former, but not much e$?mb)Cd« 

$Yith volatile ajlfali, annual ammoniac frl fab, un- 
known. ' ; 

With calcareous and argillaceous earths, a calcareous or 
argillaceous orfenicfllfalt* unknown. 

With metallic fubnances, arienic is perhaps capable of 
forcing affenjetflfqlfi witty tfutaUif bafej* or combinations in 
whjc^i Inline properties tyoulq be pprcepti^le, if tlfefe cora- 
binauons werf by decompoCng nitrous ults with 

metallic bafos by ^eans of arfepic. of by precipitating 
metals diflolved in ju:ids by oceans pi a folufion of neutral 
prienical wit in prater \ ^u^ perhaps from thence nothing 
would be produced but combinations fimilar to the arfcni- 
cal minerals. We are quite ignorant upon this fubjeih 
fialipe sdkaijije foWteats, bcfides the (alts ^rhich they 
can form wiffi acids^ pan a Jfoa# upon earths and me tats, 
with which they form (aline compounds, and from which, 
fgben fepara&d* they appears bcfoffi. Accordingly, jhefe 
Compounds Way for this wfop bp, Wked ?unqngft Ca 1^, 
m4 genera} ai>4 particular denbrninatfons maybe affigncd to 
dm, asoordfog foihe principle which com^o fo then*, as, 

for example, alkaline earthy falts, calcareous , argillaceous , f/iVrr- 
«#j, metallic , as pf iff, Bqt hitherto chemifts 

have not cdnlidered them in this view, and have even exa- 
sniped them but little. -• 

J Laftly, acids, alkalis, and evep frveral neutral faltsmay, 
by com pi ning - jvi th oily fubftaqces, form compounds which 
be cqpfidj^d §s true faljts, if this name be given, as 
ft, ought to io every thing ,th^t is fopid and loluble 'in 

yra ter f but thefe compounds form in fome meafure a diftin& 
dais, and are mlfiaguilhed by the {lame of /cap* See Soap* 
From this ^numeration of falifle ^qmpounejs we may fee 
^ow many qf them afe little tnowp, or not eyep thought 
fjf. ^fbe yet po bp maefe in this ex« 

jenfae o* p K e mi ft r y are neyerthelefs very neejeflary, 
^ ?gd -4ementstry. To ipake them foc- 

ceisfully" rpqwifitf but accuracy, patience, and 
knowledge of the nrft principles pf cherniftry. Every In- 
telligent perfon is capable of making them. For this pur- 
f pqfe the pcids, alkalis, earths and metals employed muft be 
very pure, the (aline compounds refulting from their union 
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rnuft be examined ; their talle, folubility in water, cryllal- 
Hzation, deliqucfcence, and the methods' of decompofmg 
them mull be obferved. Thefe confiderations are certainly 
fufficient to excite the zeal of perfons who would contri- 
bute to the progrefs of chemiftry. 

We now proceed to treat fummarilv of the principal falts 
known by the name of falts, in an alphabetical order. 

ACID SALTS. 

Some chemills, and particularly ancient chemills, have 
thus named the faline fubflances which we only call arils. 
See Acids. We may however continue this name, and 
apply it to fome concrete faline fubflances, as tartar , fait of 
forrei , &c. and to feveral other effential falts, "which feem 
to be intermediate betwixt the Hate of pure acids and of 
neutral falts. 

SALTS with BASES ALKALINE, EARTHY 
and METALLIC. 

By thefe general denominations the feveral neutral falts 
are diftinguilhed according to the nature of the bafis, or 
fubllance with which the acid is combined. See the above 
t numeration of falts . See alfo the article Neutral Salts. 

SALT ALEMBROTH, 

' This is a faline matter, compofed of corrofrue fublimate and 
of fa! ammoniac , mixed in equal parts, or in other different 
proportions, which the ancient chemills, efpecially the al- 
chcmills, have much employed as a powerful folvent of 
metals, and even of gold. We arc certain that corrofive 
fublimate and fal ammoniac act powerfully one upon ano- 
ther, and combine together without being decompofed, 
from which is formed a faline compound of a fingular na- 
ture, capable of adling very effectually upon metallic fub- 
flances. But the alchcmills, who made fo much ufe of this 
famous folvent, were far from underllanding clearly the 
operations in which they employed it. As alchcmills loved 
pompous names, they called this compound fait of art , fait 
of vrifdom y fait of friend, 

ALKALINE 
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' AtKALINE SA^T S. 

This name -is frequently given to ialine alkaline . fub- 
ihnces, as fixed alkali s y vegetable and mineral, volatile alkali. 

-See tfafe werds. »*•».;. , * 

SALT of AMBER, *r VOLATILE SALT 
AMBER. * 

This is a faline, oily, concrete matter, obtained by fubli- 
jnation, or even by cryftallization, from amber. It is a 
kind of effential fait, which forms Alining needle-d ike cry- 
ftals, has the fraell of je&il^ed oil of amber, and is foluble 
infpirit of wine. It is ufed only medicinally, as an an- 
tifpafmodic,. 4 w.ith the fame effect as the fpirit and rectified 
oil of amber. See Bitumens and Salts (Essential). 

AMMONIACAL SALTS. 

By this name are diftinguiflied all neutral falts compofcd 
of any acid faturated with volatile alkali. . See Ammonia- 
cal Salts j Salts (Neutral). ; . : ; 

ARSENICAL SALTS. 

&*£alt (Nevtral Arsenical). 

COMMON SALT. 

Common fait is a neutral perfect fafr, compofed of a pe- 
culiar acid and a peculiar alkali, *which are called marine 
add , and marine or mineral alkali. : . 

This fait, which is produced by nature, is more abun- 
. dantly and univerfally diffufed than any other. . Imjnefcfe 
mines or auarries of it are found, within the earth, and it 
is then called fal gem or fojftl fait . The waters of all the fea, 
and- many fiibterranean and mineral waters, contain it. 
from every vegetable or animal chemifts can extract it. 

The tawerof common fait is agreeable and moderately 
ftrong. It is cryftallizable, and is one of thofe the figure 
of whofe cryftals is ntoft regular,, moft determinate, and 
leaft variable. The cryftals of this fait are perfect, or 
nearly perfeft cubes \ For the hollow pyramids obtained in 
certain evaporations of fait waters are nothing but a heap 
of cubical cryftals, arranged in this manner near each other, 
by means of evaporation. 

Common fait moderately foluble in water. Four parts 
of wat^r are required to diffolve one part of fait $ and tot 
yr boiling water diffolves no more of it thgn cold water. 
% For 
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For which reafbn it is only obt^inafclo from fea-water, and 
other waters impregnated with it, by a continued evapora- 
tion. See Crystallization. 

Although common fait be very cryftallizable, and exact- 
ly neutral, it very readily becomes moift when expofed to 
humid air. Jt mull be preferved in very dry places. 

This fait is fufceptible of contra£hng a certain union 
with common fait with calcareous bafts ; for which reafon all 
the fait obtained either from fea-water or fait fountains al- 
ways contains a certain quantity of this fait with earthy 
bans. Thus, if any common fait be diffolved in very pure 
water, and fixed alkali be added to this folution, we foon 
fee the white earth of the fait with earthy bafis which is 
precipitated. As therefore cryftallization feems infuffi- 
cient for the purification of common fait from the fait with 
earthy bafis, when we would obtain a very pure common 
fait, as is neceflary for fome delicate operations, we piull 
diffolve it in water, filtrate it, and add to it a folution of 
cryftals of foda, or marine alkali, till no more white cloud 
is formed by the addition 5 then filtrate again the liquor, 
and evaporate. By this method we fhall obtain a common 
fait perfe&ly pure. ( b ) 

Common fait, expofed to the a&ion of fire, crackles 
and decrepitate6 pretty ftrongly, when heated to a cer- 
tain degree, efpecially if it be heated h^ftily. Its cry- 
ftals burft into fmall pieces during this decrepitation. 
This effe& is produced by the water of the cryftallization 
of the fait, which being confined by the parts of the fait, 
and at the fame time reduced into vapors by the aftion of 
fire, burfts the parts of the fait, and is diffipated. Many 
chemifts confider this decrepitation of common fait as a pro- 
fit Sea-water contains diflolved in it not only fea-falt, or a 
combination of marine acid with mineral alkali, but alfo other 
falts, efpecially combinations of marine and vitriolic acids with 
the earth called magnefi a, which is not calcareous. SeeM\c- 
ars&jA, and the flute fybjoined' Some of thefe fait s, with bafis of 
smgnefia, ate cryftallized along with the fca fait by the evapora- 
tion pf tfie .fea-water, andjjart.of them remains in the refidnous 
liquor called the mother-water. -Sorqe portion pf true calca- 
reous earth, diflolved by marine and vitriolic acids, is faid alfo 
to be contained in fea-water; but the quantity of this is veiy 
fmall in comparifon of the quantity of magnefia ; to the preci- 
pitation of which, therefore, the cloud or turbid appearance 
gwen to Tea- water, or to a folution of common fait in water, is 
uiicfiy owing. 
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jertj^ptculiar to it, and by wbich.it may be known ; but 
vitnciated tartar, nitre of lead, and probably many other 
felts, are fufcsptible of aiunilar decrepitation. 

If fait be expofed tQ a red-heat after this decrepitation, 
it fufes ; and when afterwards cooled, it fixes in form of a 
white and almoft opake mafe ; but excepting that it has loft 
the water of its cryftallization, it is the fame as before 
this expofure to fire. 

Several chetriifts, having obferved that when common fait 
is heated in a retort a little marine acid exhales from it 
while it contains any moifture, and that by adding more 
raoifture more acid may be thus obtained, have believed 
that, by means of water, all its acid may be expelled from 
it. But they have been deceived ; for this fmall quantity 
of acid obtained by repeated hume&ations and d filiations 
proceeded only from the common fait with earthy bafis, 
which, we have obferved, is always mixed with common 
felt. From this earthy fait a proportion of acid may actu- 
ally be obtained by this method : but M. Bcaume has 
found, that no acid can be thus expelled from common felt 
perfectly purified in the above-mentioned manner. 

This felt is absolutely unalterable by fire, evpn when 
k has been heated ftrongly, together with inflammable 
matters. The unalterable property of common fait by 
fire proceeds from the fmall difpofition which its acid has to 
oombiaewith phlogifton. This truth has been demonftrated 
by the experiments of Mr. Duhamel and of Mr. Margraaf. 

Although this felt be fixed in the fire to a certain degree, 
yet when it is expofed to a violent fire with free accefs of 
air, it exhales in vapors, and attaches itfelf in white flowers 
to bodies which it finds lefs hot than itfelf. We have ex- 
ample* of this effe& in certain fnfions of ores, where com- 
mon felt is added ; and in glafs-houfe furnaces, where this 
felt, of which a certain quantity is contained in foda and 
potafb, and which cannot enter into vitrification, attaches 
itfelf to the fide* of the openings or holes. 

We -know no other acid but vitriolic and nitrous acids, 
and fedative felt, which can decompofe common fait by dif- 
engaging its acid; for arfenic, which fb eafily and effeChiaUy 
decompiles nitre, cannot aCt upon this felt ; a phenomenon, 
the caufe of which deferves to he examined, and which i? 
certainly connected with an important theory. 

Common felt is of all feline lubftances the moft necefiaiy, 
and extenfively ufeful. Befides the particular ufes of its 
acid and alkali in many chemical operations and in arts ; 

2 bdides 
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befidcs Its £reat utility in the Tafion of glafs, which it 
whitens and ‘purifies, although it does not enter, and ‘per- 
haps becaufd it does enter into their combination, as Mr. 
d* Antic has fhewn ; and from the property it has of 
facilitating the fufion and precipitation of the metallic parts 
of minerals in eflfays, and of covering them perfectly ; be- 
fides thefc, I fay, its great ufc in aliments, the tafte of 
which it improves by its agreeable piquancy, when mixed 
in proper quantity, is univerfally known. But this is not 
the only advantage ; for it retards and prevents the putre- 
faction of almoft all our aliments,- without producing any 
fuch change upon them, even when preserved a long time 
by means of it, as to render them unfit for the purpofe of 
nourilhmcnt. All other falinc matters may indeed preierve 
from putrefaction, as common fait does, and feme of them 
even more effectually : but we do not know any other, the 
tafte of which renders it capable of being fubftituted to 
common fait for this purpofe. 

A very remarkable circumftancc in the antifept ic property 
of common fait, and of feme other fairs, is, that this pro- 
perty varies furprifingly according to' the proportions in 
which the fait is employed : for this fait, mixed with 
animal matters in a large proportion, prefer \vs them from 
putrefaCtion, which it accelerate? conlidcrably when a finall 
quantity only of It is employed. This fingular faCtis proved 
by the experiments of Meffrs. Pringle and Maebride, 
and particularly by thofe of the accurate and intelligent 
author of an tiff ay towards a Hi f or y of Putrefaction^ Mr. 
Gardane, Phyfician of the Faculty of Paris, who, having 
convinced himfelf of this fact by his own experiments, men- 
tioned it in a very good 'thefis, and has drawn from it a 
conclufion which feems to me very juft, namely, that fmall 
quantities of common fait, fuch as thofe taken with ali- 
ments, facilitate digdlion, which he confiders as a begin- 
ning putrefaction . If this opinion be as true as it is pro- 
bable and confident with the principles of chemiftry, and 
of the animal economy, then common fait is not only 
agreeable and ufeful, but alfo falutary, at leaft to all con- 
ftitutions in which the digeftion is too remote from putre- 
faction, as in thofe which are properly called crudities: for 
we cannot but agree, that different temperaments differ 
much in this rcfpeCt. See the articles Acid (Marine), 
Alkali (Mineral), Crystallization, Water (S»ea), 
Water of Salt Fountains, Salts, and Salts (Neu- 
tral). 

CRY- 
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CRYSTALLIZABLE SALfS. 

By this name we diftinguifli all faline matters fufceptible 
of cryftaHization. It is contrary to that of fluor falts y bf 
which are diftinguifhed faline (ubftances that cannot pe'> 
obtained in a crystallized concrete form, fuch as nitrousf artd 
marine acids, volatile alkali altered by quicklime, and feme 
others. We have neverthelefs reafon to believe* thijt, 
rigoroufly fpeaking, every faline fubftiance is effentially 
fufceptible of cryftaHization, and that* in this refpe& they’* 
only differ in the- degree of facility with which they rnajto 
cryftallized ; for we are certain that many very deliquefcent 
falts, the cryftaHization of which has not, that I know of, 
been ever obferved, fuch as common fait with calcareous bafis y 
may neverthelefs aflume folid regular forms by the cooling 
of their folutions when very much concentrated. Mr. 
Beaume has obferved the cryftaHization of this and feveral 
fimilar falts. Sec Cry^taliization, Deliquescence, 
Salt, and Salts (Neutral). 
o 

ALTS of CENTAURY/ / WORMWOOD, 
of SORREL, fcf*. , 

The name of fait , added to the proper name of fome fub- 
ftance, is applied to very different matters.: It, is given, for 
example, to all the fixed alkalis obtained from the afhcs 
of vegetable matters. Salts of wormwood, Centaury, &c. 
are faline matters obtained by lixiviating the afhes of thefe 
plants : but thefe names are improper in feveral refpe&s 5 
for if we apply them to the fixed alkalis of plants, as they 
do not differ from each other, it is ufelefs to diftinguifh them 
by the name of the plant from which they are ob- 
tained; and even when they are prepared in Tadienitis's 
method, although they differ a little, yet their chara&er of 
fixed alfcaH is fo predominant, that no name ought to be 
given to them but what has a relation to that chara&er* 
Accordingly, the names fait of tartar , fait » of foda , which 
are. frequently given to the alkalis of thefe fubftances, 
are for the fame reafon very improper^ They oughtto 
be called alkali of tartar and alkali of foda. 

Certain concrete acidsi, zs the eflentiai fait of forrel, tartar 
&r.are alfb Amply called fait of forrel, be cv This is;abfo 
faulty, becaufe thefe names do not denote the nature of the 
faline matters, ami may be the occafion of confounding 
them with other falts of a vdrjr different nature# They 
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ought to be named effential falts , or rather concrete acids of 
forrel , of tartar , &c. 

The names falls of coral, of pearls , of crabs eyes, are not 
more accurate, unlefs we add the epithet acetous, as a cot us 
coral , See. for thefe fubftances may be combined, 
and may form falts with any other acid, as well a$ with 
vinegar. 

Let us now judge if the names, fait of quinquina, of fena, 
of onions , &c. given to the dry extracts of thefe matter* 
made in the manner of the Count de la Garaye, are not 
entirely improper. See the preceding enumeration jof falts . 

SALT of COLCOTHAR. 

This is a white faline matter, obtained by lixiviating col- 
cothar. This matter is not much ufed, and has not been 
much examined. It is probably fome felenitic or aluminous 
fubftance, which is mixed with the vitriol, and which was 
contained in the pyrites from which the vitriol was ex- 
tracted. 


SAL DE DUOJ5US. 

It is a neutral fait, formed by faturating vitriolic acid 
with the alkali of nitre. See Tartar (Vitriqlatep). 

DELIQUESCENT SALTS. 

Thus are named all faline matters which may be obtained 
by cryftallization or drying in a concrete form, but which, 
when expofed to air, imbibe its moifture, and lofe their 
concrete cryftallized form, deliquiating into a liquor by 
means of this moifture. See Deliquescence. 

SALTS of ENGLAND, of EPSOM, of SED- 

LITZ. 

Some faline fubftances have been denominated from the 
countries where they have been firft difeovered. Thus a 
very rectified concrete volatile alkali, obtained from filk, 
is called fait of England ; and even fome druggifts give thi< 
name to the concrete volatile alkali obtained from fal am- 
moniac. 

Inafimilar manner, thenameof Epfom fait is given toabadly 
cryftallized, bitter Glauber’s fait, which eafily becomes moift 
>becaufe it is mixed with common fait, and common fait with 
calcareous bafis. It was firft obtained frorrt a fait well at 
£pfon\, near London. This name has been fmee given to a 
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-’s fait obtatnfcd from fait marfhes in Fnmce, 
ue and pure Glauber’s fait obtained from the 
ulc-works of Lorraine and Franche-Comptf, 
nation of which theydifturb purpofely to prevent 
* jicmblmg entirely the pure fait of Glauber. See a 
to the Article Gt AtiftEft’s Salt. 

-uk of Sedlitt is alfoa Glauber’s fait under another name; 
perhaps the femetaay be frid of many Other falls deno- 
minated from places. 

essential salts. 

This ‘natae is riven to ail concrete feline matters which 
prtftrVe the frteii, tafte, and all other principal qualities 
of bodies from which they were obtained, which bodies are 
only Vegetable and animal. The ufual method of preparing 
them is by evaporating, to almoft the confidence of a fyrup, 
the liquors containing the effential fait, namely, the ex- 
prefed and depurated juicfes and ftrong decodions, and 
by keeping them m a cold place. From many of thefe 
diqtzors, fuihe matters or cryftals'are depofited upon thU 
TOes of the containing veflels after a confiderable time, and 
after they have undergone a kind of fermentation. Thefe 
•cryftals, which ate always very red, may be purified by 
diraving them in Water, filtrating, evaporating, and crys- 
tallizing. 

We may obfcrve, that the falts thus obtained from animal 
and vegetable matters art fometimes nothing but vitrio- 
latetf tartar, Glauber’s felt, nitre, common fait, and other 
-fnch neutral Tales, Which ought not to be confidered -as the 
dfen tial falts ofthe fubftances from which they are extra&ed. 

Thefe mineral falts are ’extraneous to the vegetables and 
ahimah from which they ate obtained. They are not ’parts 
of thofe fubftances, nOr are combined with them; and 
when they are purified from the extradive • matter with 
which they are at firft only mixed and covered over, they 
"have then nothing vegetables animal. Thefe falts are in- 
troduced into vegetables and animals along with aliments, 
ure mixed in their liquors and circulate in their veffels, bat 
receive no alteration, nor contrad any true union with the 
proximate principles of animals ana vegetables, becaufe 
they are naturally fricapabte of fuch union. 

The proof of this truth is, that they are always obtained 
*fh tfm vegetables tirid animals in the feme ftate fn which they 
Wete introduced, that (heir quantity in thefe fubftands 
is afto gather ‘arid variable, mvithout'any^ireal 
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difference being produced in the vegetables or animals by 
this variation of the quantity of thefe falts. Certain plants, 
as the parietaria , but ftill more the corona f.lis , have the 
property of imbibing fo much nitre, that, when they grow 
in nitrous foils, they are almoft filled with this fait. I 
have feen the dried pith of corona folis fo full of cryftallized 
nitre, that when (hook over a paper, a confidcrable quan- 
tity of good deflagrating nitre might be colle&ed. But we 
know alio that this plant, when cultivated in a lefs nitrous 
foil, does not contain nearly the fame quantity of nitre, 
although it be otherwifc in good condition. Thefe mineral 
falts therefore muft not.be confidered as the efiential falts of 
plants or animals; and only thole falts are to be confidered 
as fuch, in the combination of which we find oily parts, 
which cannot be feparated from them, unlefs the fait be de- 
compofed. 

In the fecond place we fhall obferve, concerning falts 
truly called efiential, that but very few of them are yet 
known, and moft of thefe but very imperfectly. Of all 
thefe eli'ential falts the belt known is tartar, the properties 
.of which may be lien under the article Tartar. The 
druggifts have a very white concrete fait, well cryftallized, 
and foluble in water, which they call fait of forrel. We 
may indeed obtain fiom the juice of forrel, by the above- 
mentioned procels, an efiential acid concrete fait, but 
’much more earthy and lefs acid than the fait above-men- 
tioned. Bcfides, Mr. Beaume, who has made fomc in- 
quiries into this ipatter, affirms, that a true fait of forrel 
could not be procured at the price of the fait which is com- 
.monly fold under that name, the quantity of fait obtainable 
from forrel being very fmall. The fait above-mentioned is 
brought from Germany, is much more acid and more foluble 
.in water than cream of tartar; it acts upon all fubftances 
foluble by acids ; but the neutral falts thence formed have 
not been examined. 

Flowers of benjamin , volatile Jolt of amber , and other faline 
matters ot the fame kind, feem to belong to this clafs of 
efiential falts; but they are little known. Efiential falts 
may be confidered as a new lubjcct of inquiry. 

% 

FIXED SALTS. 

Many chemifts give this name to the falts obtained from 
the allies of plants, which not having been diifipated by fire, 
ought to be confidered as fixed, in comparifon of the other 
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Miner matters of thefe plants, which evaporate during their 
deflagration. 

As the faline fubftances remaining in the aihes of vege- 
tables are entirely or chiefly alkaline, the name of fixed fait 
has become fynonimous with that of fixtd alkali . But 
other faline fubftances* as moft: neutral falts, which have 
not bafes of volatile alkali, are nearly as fixed as fixed 
alkali. 

The fixity of any faline matter is not perfeft ; fince any 
of them by a long-continued violent fire may be altogether 
evaporated. A proof of this we find in glafs-houfes. A 
part of the fixed alkali, of the common fait, of Glauber’s 
fait, of vitriolated tartar, and other equally fixed falts, 
contained in the allies ufed in the compofition of glafs, are 
perpetually exhaling, during the /ufion of glafs, in a vapor 
which may be feen above the pots ; and this vapor, forms 
faline incruftations round the openings and other leaft hot 
places of the furnace. Accordingly, the quantity of fait, of 
glafs which covers the furface of the melted glafs is con- 
tinually diminifhing. • I have had occafion to take from a 
vitrifying furnace, at different times, eighty crucibles, con- 
taining all the fame compofition for cryltal -glafs, of which 
foda and pot-afh made parts. The crucibles firft taken out 
were covered with a cruft of fait of glafs more than two 
lines thick; thofe taken out 1 8 or 20 hours afterwards had 
only a very thin ftratum of glafs-gall ; and, laftly, the cru- 
cibles which remained 72 hours in the fire, had no fait, or 
only a very fmail quantity, upon the middle of the furface 
of glafs. 

Hence we ought to’ conclude, that the quality of fixity 
aferibed to fome falts is only relative. We consider thofe 
as fixed which fuftain a red heat during feveral hours, 
without any fenfible diminution. Salts which by a red heat 
are reduced into vapors and fublimed, are called jemi-volatiU , 
as the ammoniacal falts, and corrofive fublimate ; and 
laftly, falts which are diffipated without heat, or with very 
little heat, as the volatile adds and alkalis, are called vola- 
tile Jahu 

FLUOR SALTS. 

This name is given to all faline fubftances which cannot 
by any method be rendered folid ; fuch are nitrous and 
marine acids, volatile alkali altered by quicklime, and fome 
others. This quality depends on their volatility, and 
on the affinity which they have with water fuperabundant 
Vox. till. D to 
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to their faline eflence. In this latter point they refemble 
deliquefeent falts, and they may even be confidered as falts 
perpetually and unfurmountably deliquefeent. But they 
differ from falts that are only deliquefeent, in this circum- 
ftance, that thefe latter are much lefs volatile than the 
fluor falts, and can fupport a heat fufficient to deprive them 
of all their fuperabundant water, and to reduce them t# 
a concrete form. See Deliquescence and Salt. 

FUSIBLE SALT of URINE. 

This fait, called alfo native or ejfential fait of urine , phof- 
phoric fait, microcofmic fait , is a neutral fait compofed of an 
acid named phofphoric , faturated with an alkali fixed or 
volatile; for both thefe kinds of alkalis feem to be contained 
in urine. 

To obtain this fait, urine frelh or putrid is to be evapo- 
rated to the eonfiftence of a fyrup, flowly or quickly. This 
urine, which is then very red, or brown, is to be put in a 
cold place. The fufible fait cryftallizes on the fides of the 
vcffel. When the fait ceafes to form itfclf on the vefiel; the 
liquor is to be decanted, and again evaporated, that ftill 
more cryftals may be obtained by the fame method. Thefe 
cryftals are to be colle&ed, which are very dirty and 
brown. They may be purified by diffolving in pure 
water, filtrating, evaporating, and cryftallizing, accord- 
ing to the general method. Thefe operations ought to be 
repeated when the fait is required to be very white and 
pure. Thus they are difengaged not only from the ex- 
tra&ive part of the urine which difcolors them, but alfo 
from a portion of common fait which may be mixed with 
them, particularly when the urine has been much evapo- 
rated. 

This fait is very fufceptible of cryftallization, and is one 
of thofe which are more apt to cryflallize by cold, than by 
evaporation. 

If this fait be expofed to the aftion of fire in clofe veflels, 
a very pungent volatile alkali is expelled from it, which 
Mr. Schloflcr has obferved to be always fluor, like that 
which has been altered by quicklime. This chemift 
affirms even that if concrete volatile alkali be combined with 
the fufible fait of urine, and feparated from this fait by diftiK 
Iation, it will be in a fluor ftate. 

1 he acid of this faft is fixed, and remains at the bottom 
of the veflels, melted to a vitreous matter, if the heat has 
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been fkflkrieftt far that purpofe. This is the acid which 
produces the phoiphorus of Kunckei, by its combination: 
with the iiifiammaDle principle, and which gives the cha- 
jacferifHc properties to the fufible fait of urine. See the 
properties cf tfris add under the article Phosphorus of Kuno 

K£L. 

If this fufible fait be mixed with the other fufible fait 
with baits of fixed alkali^ as this latter fait cannot be de- 
prapofed merely by diftillation, nor even by means of 
phlogifton, phoiphorus is therefore chiefly produced from, 
the former, or the ammoniacal fufible fait. See Phospho- 
rs and Urine, (r) 

FOSSIL SALTS. 

Thus are called all the falts obtained ready formed within 
the earth ; but more particularly common fait, which is 
coagulated irt large mattes within the earth, more frequently 
called falgem. 


SAL GEM. 

Sal gem is foflil common fait, or which is found within 
the earth in large mafles : It has fome tranfparency, by 
which it refembles cryftal a little; and hence it has been 
called fal gem. The moft confiderable mines of this fait 
are in Poland. Very curious and interefting particulars 

(r) Mr. Pott fays, that the figure of fufible falts varies much 
according to the heat, evaporation, and different mode pf cryf- 
taUxatkon ; and that it afiumes the fhape of moft others, as of falt- 
pctre, vitriol, fal ammoniac, Glauber’s fait. See. but that it ia 
generally in fhining, o&ogonal, prifmatic cryftals. The tafte 
of this fait is cool, not unlike that of bonpc, to which it is in 
wher refpe&s very fixpilar. When put on the fire in a crucible, 
it froths, fwells and melts. When melted upon a bit of charcoal 
hy means of a blow -pipe, it forms a round drop. 

The cryftals of the fecond cryftallization do alfo melt upon 
charcoal, when they are pure, hut when cold they have a milky 
color. They do not, like the cryftalsof the firft cryftallization, form 
phofpherus with phlogifton. They efflorefee in the air, and are 
hot to the tafte, in both which inftances they alfo differ from the 
firft cryftals. They have the properties of the Sal mirabile perla- 
tanof M. Kaupt. 

Thefe fecond cryftals, which are a kind of Glauber’s fait, are 
finned from the refid uum of the cryftallization of the fufible fait 
dilated with much water* 
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concerning thcfe mines may be feen in a Memoir of Mr* 
Guettard, in the Memoirs of the Academy of Sciences. 

SALT of GLASS. 

This matter, called alfo glafs-gall , is a kind of faline 
feum or mafs, found in glafs-houfe pots upon the furface of 
the melted glafs. It confifts of neutral falts, as common 
fait, vitriolatcd tartar, and others which are contained in 
the foda and potalh employed in the compofition of glafs, 
and which not being thcmfelves fufceptible of vitrification, 
are feparated from the glafs during the fufion, and are col- 
lected together upon its furface, becaufe they are fpecifically 
lighter. Hence we fee, that as all the foda and potafli em- 
ployed for the compofition of glafs contain more or lefs of 
thcfe extraneous neutral falts, the fait of glafs mult vary 
according to the faline lubltances employed. For the fame 
rcafon no fait of glafs is found where only pure and vitri- 
liable falts, as purified alkalis, nitre, borax, &c. are em- 
ployed. See Vitrification. 

GLAUBER’S SALT. 

The fait thus named, from the chemillwho difeovered it, 
is a neutral fait, compofed of vitriolic acid faturated with 
marine alkali. 

Glauber difeovered this fait, while he was decompofing 
common fait, by means cf vitriolic acid, to obtain the 
fmoking marine acid by diftillation. The refiduum of this 
c3 iff illation he found to be a faline mafs, not cryftallized, 
which he dilfolved in water, and obtained, by evaporation 
and cold, tranfparent cryftals. Glauber, furprifed with the 
appearance and properties of thefe cryftals, gave them the 
name of fal mircibile , by which they are ftill known, but 
more generally by that of Glauber's fait. 

'This fait, although compofed of vitriolic acid and a fixed 
alkali, as vitriolated tartar is, yet it differs from this latter 
fait in many refpe<5ts •, which differences are to be attributed 
to the difference of the alkaline bafes, one being the vege- 
table fixed alkali, and the other the marine fixed alkali. 
The taiie of Glauber’s fait is faltifh, but difagrccable and 
bitter. It is one of the falts which form the fineft cryftals. 
When large tjuantities of this lalt are cryftallized, and with 
due attention, large, oblong, columnar cryftals are formed, 
the furfa cos of which are ftriattd longitudinally, like thole 
©f nitre. 

The 
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The cryftals of this fait are as tranfparent as ice, but 
when expofed to a dry air they lofe their tranfparency by the 
evaporation of the water or their cryftallization. Their 
furfcce, and afterwards the whole of the faline mafs, is 
reduced by the diffipation of this water to a wftiite faline- 
powder. This change alfo happens to the cryftals of marine, 
alkali, to which probably this property of Glauber’s fait 
muft be attributed. 

The quantity of water which enters into the cryftalliza- 
tion of Glauber’s fait is very confiderable, and amounts to 
nearly one-half of its weight. To this large quantity of 
water is probably owing the fize and tranfparency of the 
cryftals : for it feems to be a general rule, that the more 
Water is contained in any fait, the more large and tranfpa- 
rent its cryftals are. From this fame abundance of water, 
Glauber’s fait liquefies with a heat quickly applied, till 
all the water be evaporated $ and then it becomes dry and 
folid, and requires greater degree of heat to fufe it. 

This fait, although very foluble, even in cold water, is 
one of thofe which may be diffolved in a lefs quantity of 
boiling than of cold water. Hot water diffolves nearly ait 
equal weight of it. From this property we may know, that 
die cryftallization of Glauber’s fait is beft procured by the 
cooling of a fufficiently evaporated folution. Accordingly, 
a fure method of obtaining the fineft cryftals of fait of 
Glauber is, to evaporate the water, in which it is difiolved, 
till we find by taking out and trying a fmall quantity of the 
folution while evaporating, that cryftals are pretty quickly 
formed by cooling. It is then to be poured into flat and 
fhallow veflels, and cooled flowl|r. The larger the quantity 
of liquor is operated upon at a time, the larger will the 
cryftals be$ fp that they may be obtained feveral feet long, 
and proportionably thick. Thefe cryftals are placed hori- 
zontally upon each other* and the cryftallization ought 
therefore to be performed in wide veflels. See Crystal-; 
uzation. f 

Glauber’s fait cannot be dire&ly decompofed but by 
means of phlogifton only : for the decompolitions made of 
it by metallic folutions are by means of a double affinity : 
and the dccompofltion which may be effected by the nitrous 
2cid alone, upon Glauber’s fait and vitriolated tartar, a3 
Mr. Beaume difeovered, is alfo caufed by phlogifton. (s) 

(s) Concerning the decompofition of Glauber’s fait, and of 
vitriolated tartar by nitrous acid, fee the article Tartar (Vitri- 
OlATfip), and the note fuhjoined . 
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Glauber’s fait is ufed only in Medicine. In final! dofcs, 
as from one to two gros, it is refolvent and aperitive, and 
as fuch is added to ptifans and apozems. It is alfo em- 
ployed as an attenuant and corrective in the fame dofe in 
purgative potions ; and is itfelf a good and mild purgative, 
as all the neutral falts are, the bafis of which are fixed alkali : 
The dofc of this fait as a purgative is from an ounce to an 
ounce and a half. 

To prepare Glauber’s fait, we need not combine the 
pure diftngaged vitriolic acid with the alkali of foda, nor 
decompofe common fait by vitriolic acid, as Glauber did, 
unlefs we defire to obtain at the fame time the marine acid. 
Nature furnifhes a large quantity of this fait already formed. 
A confider^ble quantity of it is contained in mineral waters, 
and perhaps all waters which contain common fait contain 
alfo fome Glauber’s fait. (t). The fait wells of Lorraine, 
of Franche-Corrjpte, of Epfom, contain much of it, and 
from thefe it may be eafily obtained by cryftallization. 
Further, from all vitriolic falts with earthy or metallic 
bafes, as felenites, alums, vitriols, Glauber’s fait may be 
obtained by decompofing them with foda. Laftly, by burn- 
ing fulphur with common fait or foda, this fait may be 
formed. If it were much wanted, it might be eafily and 
cheaply made by tlmfe procefles. See the articles Acid 
(Vitriolic), Alkali (Marine), Crystallization, 
Water cf the Sea, and of Salt Fountains, Salt, and 
Neutral Salts. 

(l ) Glauber's fait, that is, a fait formed by vitriolic acid com- 
bined with mineral alkaii, is contained in lea-water and in many 
mineral waters. But the fal catharticus amarus of the London 
Difpenfatory, cx trade u from the bitter liquor remaining after 
cryftallization of fea- fait in fea water, and the fait of Epfom, and 
of molt purging waters, tho’ very fimilar in appearance to the true 
Gla . ‘r's fait, with which it is frequently confounded, arc found 
tj be c mpofed of vitriolic acid united with the earth called 
maqnefia. See Magmsia. This fait confiftsof piifmatic cryilals 
like thofe of Glauber’s fait ; has a bitter tafte ; is foluble in 
lefs than an ecfual weight of water ; when expofed to a moderate 
beat, it quickly liquefies, and lofes the water of its oyftal-% 
lization, whLh amounts to more than half its weight ; and is 
changed by this calcination into a white powder, almoft totally 
foluble in water, by addition of which, together with evapora* 
lion, it may be reiiored to its former crvftallisced ftate. 
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SALT of LEAD. 

Thus is commonly called the neutral felt compofed of 
the acid of yinegar fatu rated with lead. As this fait has a 
fweet and faccharine tafte, it is called fugar of lead. 

To make this qcetous felt, cerufs, which is lead half 
diflolved, and corroded by vinegar, is to be entirely diflolvcd 
indiftilled vinegar by means of heat in a fand-bath; the 
liquor, when perfectly feturated, is to be evaporated, and 
cryftallized by cooling, and many fipall needle-like cxyftai$ 
mil be formed in it, which are to be well drained. 

This fait is not much ufed in qredicine. It is ufed only 
externally, becaufe the lead is pernicious. It is employed 
jo fome arts, and cfpecially in dyeing, to heighten the red 
color of madder. See Ceeuss, Lead, and Vinegar. 

LIXIVIAL SALTS. 

This 5 s a general name given to all faline fubftances ob- 
tained by lixiviation of ames, but particularly applied to 
fixed alkalis, becaufe tho falts thus obtained from afhes are 
altogether or moftly alkaline. See Alkali (Fixed). 

NEUTRAL SALTS. 

If this name be taken in its moft extenlive fenfe, It ought 
<0 be giyen. to all the combinations of any acids with any 
alkaline, earthy, or metallic fubftances. Thefe are falts 
formed with bails of fixed alkali, vegetable or marine ; 
with bafts of volatile alkali, called ammoiuacal falts; or 
with baiis of calcareous and argillaceous earths ; and, laftly, 
thofe with bafes of metallic fubftances. See the Above enume- 
ration of Salts . 

The name neutral , givei> to thefe (alts, relates to the 
reciprocal faturation of their acids and their bafes. This 
feturation ought to be fuch, that the properties of the two 
principles of the neutral fait fhould be # neither thofe of a 
pure acid, nor of its pure bafts, but mixed or intermediate ; 
and from hence thefe falts have alfo been called intermediate 
falts , or falts medii . 

The moft important confideration concerning thefe falts, 
is the juft faturation of their two component principles. 
A neutral fait ought to be confidered as perfect in its kind, 
when its acid and bafte are each of them in the moft per- 
iled relative faturation ; that is, when the acid and the bafts 
are united together in as large quantity and as intimately 
wthey can be, each according to its nature. But we mull 
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remark upon this fubjcdt, that a neutral fait may be per- 
fect in its kind, and exactly faturated in the fenfe we have 
mentioned, although its principles be very far from being 
completely or absolutely faturated, that is, although they 
have not exhaufted upon each other all their tendency to 
combine. In this refpedt the neutral falts differ much ; and 
on this chiefly depend the effential differences evidently 
obfervable in the tafte, folubility, cryftallization, deli— 
quefcence, facility of decompofition, and aftion upon other 
fubftances, of thefe neutral falts. 

f rom a circumftantial examination only of the properties 
of neutral falts, we can acquire any knowledge concern- 
ing them ; but we are far from having fuflieicntlv exa mined 
them : for befides that many faline combinations are quite 
unknown, and have never been made, many things are yet 
undetermined even concerning thole falts which ate beft 
known. We need not therefore be furprized that we cannot 
yet eitablifh a good general theory concerning neutral falts. 
We {hall here only mention fome general piinciples which 
leem to refult from what h already known, and which feem 
capable of leading us to further reT arches. 

Firft, the neutral falts, refulting from the union of acids 
in gen ral with fixed alkalis, are more abfolutely faturated 
than thole with bafis of volatile alkali, and thefe more than 
falts with balls of earth, excepting felenites ; and, laftly, 
the falts with bafis of earth arc more abtolutely faturated 
than falts with metallic bafts. In the firft clafs of thefe 
falts, namely, thofe with bafis of fixed alkali, we find 
moft of the falts which have the leaft tafte, folubility, 
dcliquefccnce, action upon other bodies, or facility of de- 
compolition, and the greateft tendency to cryftallization* 
On the contrary, in the laft clafs, namely, the falts with 
metallic bafes, we find moft of thofe that are corrofive, moil 
foluble, deliquefcent, leaft cryftallizable, moft active upon 
other fubftances, and moft eafily to be decompofed. The 
two intermediate dalles with bafes of volatile alkali, and of 
earth, are alfo intermediate with regard to thefe properties. 

Secondly, as the feveral acids are more or lefs fimple and 
powerful, they form with the fubftances to which they are 
capable of uniting, neutral falts, the abfolute faturation of 
which is more or lefs perfect, according to the nature 
of the acid. Neutral vitriolic falts are the firft in this 
refpcct, then nitrous and marine falts, or marine and nitrous 
falts ; for thefe acids do not differ much ; and, laftly, 
acetous and tartareous falts. 

Wg 


Digitized by Google 



SALTS 

We ought to obferve upon this fubjeft of general con- 
fiderations upon neutral falts, that we muft not judge, from 
one or a few of their properties, concerning the degree of 
cohefion and of abfolute faturation of their principles, but 
from all their properties taken and compared together ; be- 
caufe poflibly one of the principles of a fait may be 
abfolutely, or almoft abfolutely, faturated, while the other 
principle may be far from this degree of faturation ; and 
according as the acid or the bafe is moft faturated, the 
properties of the neutral fait muft vary confiderably. For 
example ; we fhould be much miftaken, if, upon confider* 
ing that corrofive fublimate is lqfs foluble in water than 
common fait, and not at all deliquefcent, as the latter fait 
is a little, we fhould conclude, that the cohefion of the 
principles of corrofive fublimate and their abfolute faturation 
are much ftronger than in common fait. The corrofive 
quality of this fait, and its powerful a&ion upon many 
bodies, which properties do not, or fcarcely, exitt in com- 
mon fait, evidently prove the contrary. See Sublimati 
(Corrosive). 

We muft alfo obferve, that in many combinations of 
neutral falts, and particularly thofe with metallic bafes, 
fome metals and the acids themfelves fuffer, by the very aci 
of combination, certain alterations which have great in- 
fluence on the nature of the neutral metallic fait refulting from 
their union; for inftance, although lunar and mercurial 
nitre be cryftallizable, and little, if at all, deliquefcent, 
while the nitres with bafes of copper and of iron are very 
much fo, we muft not thence conclude, that iron and 
copper fat urate the nitrous acid lefs than filver and mercury 
do; becaufe we are certain that this difference does only 
proceed from this circumftance, that while the nitrous acid 
diflblves copper and iron, it decompofes them, and deprives 
them of much of their inflammable principle which is necef- 
fary to the connexion of metals with acids, whereas it does not 
produce the fame effeft fo evidently upon filver and mercury. 
Accordingly, the falts which refult from the folution of 
copper and of iron by nitrous acid, ought not to be rigo- 
roufly confidered as combinations of thefe metals, but rather 
as combinations of their earth with this acid: for as nitrous 
acid quits filver and mercury to difl'olve copper and iron, 
probably if this folution could be made without lofs of the 
pblocifton of thefe latter metals, they v/ould more com- 
pleatly faturate this acid, and more firmly adhere to it, than 
the former metals. 

Many 
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Many other confederations of this kind may be made con* 
cerning the different kinds of neutral falts $ but the detail 
of them would engage us too long, befides that they will 
eafily occur to thofe who would attentively reflet on this 
fubie&. We will however mention fomething concerning 
a difeuffion that has arifen lately betwixt fome chemifls 
relative to neutral (alts. 

* Mr. Rouelle had advanced* in a Memoir of the Academy 
in 1754* that feveral of thefe falts may be in two different 
Hates ; that is, they may be in a ftate of a perfect faturation* 
or, they may have an excefs of acid. He cites for examples 
feveral combinations of metallic matters with acids, fuels 
as thofe of mercury with marine acid and with vitriolic 
acid, and that of bilmuth with nitrous acid. Each of thefe 
metals may, according to him, form with the fame acid 
two very aifferent neutral falts, one of which has an excefe 
of acid, and Contains the largeft poffible quantity of acid j 
and the other is precifely faturated, and contains tne fmalleft 
quantity poffible of acid. This chemift cites alfo, as 
another inftance of the fame dodrine, the combination of a 
fixed alkali with an acid. It is that of the vegetable fixed 
alkali with vitriolic acid, forming confequently the neutral 
fait called vitriolaui tartar . Mr. Beaume has oppofed this 
opinion in feveral Memoirs read at the Academy, and alfo 
in the Journal and Gazette of Medicine. He aifputes the 
fads upon which Mr. Rouelle eftablifhes his theory. He 
maintains, that many of the (aline metallic combinations 
cited by Mr. Rouelle as examples, and confidered by him 
as neutral falts containing the leaft poffible quantity of 
acid, are nothing lefs than falts, but metals, deprived of 
all add, when tne acid which adheres fuperficially to the 
precipitated metal is Sufficiently wafihed from it j and he 
thinks that Mr. Rouelle has been miftaken, from not having 
fufficiently walhed thefe metallic precipitates which he 
confuierea as falts. Mr. Beaume proves his opinion, by 
walhing with a very large quantity of diftilled and boiling 
water turbith mineral and mercurius vitas \ whiph preci- 
pitates he, by this method, deprived of every partide of acid. 

With relped to the vitr iolated tartar, the procefs by 
which Mr. Rouelle gives it an excefs of acid is, by diftilling 
in a retort two ounces of pure vitriolic add up6n this fait, 
till the fait is dry, and even till the retort has been kept red- 
hot during an hour. Mr. Rouelle obferves, that when vitrio- 
lic acid is poured upon this (alt, a confiderable heat is ex- 
cited, even when the fait has been deprived of the Water of 
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its cryftallization by drying ; and thence concludes, that 
the acid a&s upon and combines with the fait. The faline 
mafs remaining after the diftillation melts, and weighs, as 
Mr* Rouelle has obferved, five ounces and one gros. This, 
according to him, is vitriolated tartar with excefs of acid. 
He affirms alfo, that in this fait, as in all thofe which are 
fufccptible of receiving excefs of acid, there is a point of 
iaruration of this excels of acid, and this point is marked 
in the prefent operation by the cealing of white vapors 
which rife during the diftillation. This vitriolated tartar 
with excefs of acid has really an acid tafte ; it attracts the 
moifture of the air, refolves into a liquor like the deliquef- 
cent falts, reddens the tin&ures of violets and of tumfol, 
tffervefces with fixed and volatile alkalis, and, laftly, in 
cryftallizing, remains acid. 

Mr. Beaume acknowledges almoft all thefe fa&s ; but he 
denies that we ought thence to conclude, that vitriolated 
tartar really contains an excefs of combined acid. He fup- 
ports his opinion upon the following fa&s and reafons : 
Vitriolic acid diftilled from pure fand, in the fame manner 
as Mr. Rouelle diftilled that acid from vitriolated Ur tar, ad- 
heres to it in the fame manner, although we are certain that 
it does not a& upon fand. In this therefore, and in many 
cafes, it is only an adhefion of juxta-pofition, which vitrio- 
lic acid is capable of contra&ing with apy body from the 
degree of fixity which it has, efpecially when perfe&ly con- 
centrated. 


In the fecond place, the vitriolic acid, with which Mr. 
Beaume affirms the vitriolic tartar is only fuperficially co- 
vered, by Mr. Rouelle’s procefs, is fo far from being truly 
combined, that i% may be entirely feparated without fire, 
or any intermediate fubftances, by means purely mechani- 
cal : tor by draining this fait very carefully upon brown 

S per, or even upon clean fand, a vitriolated Urtar per- 
Slly neutral may be obtained, which preferves the watetf 
Of its cryftallization, and confequently the form and foli- 
dity of its cryftals, and which no longer contains any 
veftige of an acid. From thefe experiments Mr. Beapm$ 
concludes, that this excefs of acid in vitriolated UrUr is 
not real, and is, like the unwaihed metallic precipitates, 
miftaken for, falts with the lcaft poffible quantity of acid, 
one of thofe deceitful appearances againft which we cannot 
too much guard. Mr. Beaume generalifes his propofition 
concerning the excefs of acid of vitriolated tartar, and af- 
firms, that no neutral fait with bafis of fixed alkali either 
r « ! ' ha$ 
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has an exccfs of combined acid, or of combined alkali, al- 
though it be cryftallized in an acid or an alkaline liquor j 
and that the acid or alkali, with which thefe falt$ arc 
mixed, when cryftallized in fuch liquors, is only interpofed 
betwixt their parts, and may always be carefully feparated 
from them iblcly by the mechanical method of imbibition. 

The friends of M. Rouelle replied, that the means em- 
ployed by M. Beaum6 to feparate the fuperabundant acid 
were not ftriclly mechanical ; for that the moifture of the 
air contributed to decompofe the acid vitriolated tartar, and 
to carry off its fuperabundant acid. M. Rouelle the younger 
maintains, that cryftals of tartar afford another unqueftion- 
able inftance of a fait cryftallized with excefs of acid. See 
Memoir s EJlrang . Tom. VI. 

We fhall not enter more particularly into thefe fubjedts, 
which perhaps will hereafter be further illuftrated. Wp 
lhall only obferve, that if we were to examine thefe matters 
as well as they deferve, it feems eflential to diftinguifh 
firft metallic falts from all others \ for the greater or lefs 
degree of concentration of acids feems indifferent, with re- 
gard to the faline combinations which refult from the union 
of thefe acids with eurths and alkalis both fixed and volatile ; 
that is to fay, the fame quantity of acid remains united 
with the earths or alkalis, whether the acid employed be 
concentrated or diluted with water : but metals, efpecially 
feme certain metals, cannot be combined, or remain com- 
bined with acids, in the greateft pofliblc quantity, unlefs 
the acid employed be in a proper degree of concentration ; 
fo that the fame quantity of the fame acid, which, when 
fufficiently concentrated, is capable of remaining united 
with a certain quantity of metal, can dilfolve only a much 
lefs quantity of the fame metal, if this quantity of acid be 
diluted with a larger quantity of water. 

This lingular phenomenon of metals relative to acids can 
be only attributed to the inflammable principle which en- 
ters into their compofition. Metals in general adhere only 
to acids by this principle, and not by their earthy princi- 
ple,- or at feaft much more by thp former than by the latter : 
but on the other fide, the union of water with any body is 
an obftacle to the combination of that body with the inflam- 
mable principle. A quantity of acid, therefore, diluted with 
water, cannot be united but with a lefs quantity of metal 
than the fame quantity of acid when concentrated. This • 
feems to be naturally deduced from the fundamental prin? 
ciplcs of themiftrv. 
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In the fecond place, we may remark, that after having 
diftinguifhed metallic falts from all others, we ought alfo 
to dilHnguifh the combinations of mercury and marine acid, 
and even the corneous metaU, from all other metallic falts. 
Thefe falts make a diftind clafs, and have a peculiar cha- 
rader. See upon this fubjefi the article Sublimate (Corro- 
sive). 

Notwi thftandihg the diflindions we have (hewn between 
the different kinds of neutral falts, we are far from believ- 
ing that they can be methodically diflributed, from con^ 
fidering any of their common properties, or clafled, as 
plants nave been by botaniils; becaufe each of them has fo 
many peculiar, and, at the fame time, very eflential pro- 
perties, that the falts in the fame clafs would often differ 
more from each other in their peculiar properties than they 
would be (imilar in their common property by which the 
clafs is charaderifed. A proof of this truth may be feen in, 
a Memoir inferted in the Colle&ion of the Academy for the 
year 1744, in which Mr. Rouelle has. undertaken to clafs 
neutral falts according to their cryftallization : for we find 
very different falts ranged not only in the fame Sedion, but 
alfo under the fame genus, as, for inftance, fal ammoniac % 
and the combination of lead with marine acid . We do not 
mean to depreciate Mr. Rouelle’s attempt upon this fubjed, 
or thofe of others in the fame way, as we are convinced, 
that however unfuccefsful thefe may be in their particular 
objed, they muft encreafe our knowledge by the many ex- 
periments and obfervations which they require, and by the 
ccmparifons and new views they occafion. We need only to 
read the above Memoir of Mr. Rouelle to be convinced of this. 

Neutral falts have many ufes in chemiftry, arts, and me- 
dicine ; but as thefe ufes depend upon the peculiar nature of 
each of them, we refer to the particular articles ; and here 
we (hall only fay a little concerning their medicinal virtues. 

We may obferve, that thefe falts are antifeptic when 
mixed in a proper dofe, that is, in a large dofe, with fub- 
fiances capable of putrefadion. Each of them refills all 
kinds of fermentation more or lefc effedually : but the molt 
exacl experiments that have been made on this fubjed by 
Sir John Pringle, by the author of the EfTay on Putrefac- 
tion, and by Mr. Gardane, phyfician at Paris, prove that 
thefe neutral falts, the principles of which are firmly con- 
. neded, as all thofe with bafis of fixed alkali, particularly 
common fait, rather accelerate than retard putrefadion. 
We find, from the experiments of the author of the Eflay 
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<*n Putrefaction, that the moft powerful antifeptics among 
the neutral falts are thofe which are moft aftringent, as the 
neutral falts with metallic bafes. 

All neutral falts with bafes of fixed alkali taken internal- 
ly in the dofe of an ounce or more, produce in general a 
very mild purgative effect ; and in fmall dofes, as of one 
or two gros, they are only aperitive. 

Ammoniacal falts are given in fmall dofes only. They 
are exciting, dividing, and antifcorbutic. The common 
fal ammoniac is the only ammoniacal fait now ufed. 

Moft of the falts with bafes of calcareous earth arc alfo 
confidered as aperitive and dividing : but thefe falts differ 
much according to the nature of their acids. Thus fele- 
nitic falts are very different in their effects from nitrous 
and marine falts with calcareous bafes. Of thofe falts, 
only the acetous, fuch as the falts of coral, pearls, &c. arc 
employed, and thefe but very little in France. 

All the falts with the metallic bafes are corrofive, efpe- 
cially thofe containing mineral acids. Accordingly, they 
are not internally employed in medicine, excepting fome of 
thofe with bafes of mercury, iron, regulus of antimony. 
See the articles Iron, Mercury, Regulus of Antimony, 
and Tartar (Emetic). 

NEUTRAL ARSENICAL SALT. 

This fait is a combination of arfenic with fixed alkali to 
the point of faturation. Mr. Macqucr firft difeovered this 
combination, and began an account of its properties in the 
Memoirs of the Academy for the years 1746 and 1748. 
His method of making this fait is, by mixing together 
equal parts of very white crvftalline arfenic and purified 
nitre, and by diftilling this mixture in a retort with a gra- 
duated heat in the ufual manner, till the retort is red-hot, 
and no more vapors of nitrous acid arife. In the retort a 
faline mafs remains, white, compact, and fixed ; from 
which, after folution in hot water, filtration, evaporation, 
and cryftallization, may be obtained beautiful, quadran- 
gular, prifinatic cryftals, terminated at each end by a qua- 
drangular pyramid, the fides of which correfpond with 
thofe of the prifm. 

Arfenic is known to have the property of decompofing 
nitre, and of very eafily difengaging its acid ; but, at the 
fame time, it combines with the alkali of the fait, and fa- 
turates it precifely as an acid would do ; fo that the new 
fait which refults from this operation, when well made, is 
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txsSdy neutral, and gives no marks of an alkaline quality* 
It is infinitely more folublo in water than pure arfenic, and 
difelves in a lefs quantity of hot than of cold water. 

This fait is eofiiy fulxble by fire, and remains fufed and 
tranfparent tike giro, without being alkmlifed, if it has not 
touched any inflammable matter : for it may be eafily de- 
compofed by phlogtfton which unites with the arlenic, 
fcparates it from the alkali, 1|bd is fublimed. No pure mi- 
neral add can docompofe this fait, becaufe arfenic feems to 
,have a greater affinity with fixed alkali than acids have : 
but when thefe acids are united with metallic matters, they 
theh eafily decompofe the neutral arfenical fait, even by the 
hamid way ; fo that a fblation of this fait added to a Solu- 
tion of 'metals occafions a precipitate compofed of the arfenic 
and metal, While the acid of the metallic folution combines 
with the fixed alkali of the neutral arfenical fait, and forms 
another neutral fait. Thus two decompofkions are made, 
and two new combinations are fonhed. 

The ufes of the neutral arfenical fait are not yet well de- 
termined ; yet as the arfenic feems, from the properties 
mentioned, to be ftriftly united with the fixed alkali, this 
fait may probably be ufefully employed, i. for the prepara- 
tion of the regulus of arfenic * 2. to combine arfenic con- 
veniently with metallic matters ; 3. in the compofition of 
many glafles ; 4. as the corrofive mineral acids form very 
mild falts when faturated with alkali, we may be induced 
to believe that arfenic completely faturated with a fixed al- 
kali, as it is in neutral arfenical fait, might form a very 
mild fait, which may be powerful in medicine j but the 
name of arfenic is fo terrible, that it will probably be 
never tried : but if it lhould, very numerous and long 
trials ought to be previoufly made on animals. 

This fait might probably be ufeful in arts 5 for Mr. 
Beaume prepares large quantities of it for different manufac- 
turers ; but the ufes to which it is applied are kept fecret^ 
Sit Arsenic. 

SALT ^ MILK. 

Salt of mdk is a neutral fait of a lingular nature, and very 
little kiiown. It is obtained from whey by evaporation 
and cryftallization. As the evaporated whey from which it 
is obtained has a red color and a faccharin^ tafte, that part 
of the fait of milk, which cryftallizes firft, has the lame 
color and tafte ; and hence it has been called fugar ef 
*iU. If it be requited more white and pure* it mttft be 
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again diflolved in pure water, and cryftallized bnceor twice ; 
and then it becomes very white, and has a farinaceous ap- 
pearance even internally, although it is compact and hard« 
When thus purified, it is lefs faccharine, and has in gene- 
ral lefs tafte ; becaufe it is difengaged from the faccharine 
part of the milk, and even from a little common fait, which 
may afterwards be feparated from the whey. 

Cryftals of this fait feem 4o contain very little water : 
they have little tafte, and not deliquefcent, nor very folu- 
ble, and feem to be difficultly decompofed. They deferve 
a farther examination. 

Some perfons have imagined, that a liquor like whey 
might be made by diftolving fait of milk in pure water ; 
but this fait is only one of the conftituent parts of whey ; 
and consequently the purer it is, the lefs can its Solution 
imitate that liquor. See Milk. 

SAL POLYCHREST. 

The word polychreft is applicable to things which have 
many ufes : accordingly chemifts fay, that a furnace is po- 
lychreft when it is fo conftrucfed that different operations 
may be made with if. 

For the fame rcafon, the inventors of fome falts have 
given them this epithet to denote their various powers in 
medicine. Hence we have the fal polychrejl ofGlafer y which 
is a vitriolated tartar, made by the detonation of nitre with 
fulphur ; the fal polydreft of Rochelle or of Saignette , which is 
a tartareous fait, or a Soluble tartar with bafis of marine al- 
kali. See Salt of Saignette, and Tartar (Vitrio- 
lated). 

POTASH. 

Potafh is a purified, fixed, vegetable alkali, obtained 
from the afhes of wood. See Alkali (Fixed Vege- 
table). 

SALT ^/SAIGNETTE or 0 / ROCHELLE. 

This fait is a foluble tartar with bafis of marine alkali, 
or a neutral fait formed by Saturating the acid of tartar with 
marine alkali. 

This fait was firft compofed for medicinal purpofes, in 
imitation of ordinary foluble tartar or vegetable fait, by 
Mr. Saignette, apothecary at Rochelle, who brought it 
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into vogue, and kept it fecret as long as he could. Meff. 
Boulduc and Geoffroy afterwards difcovered, and publiihed 
its compolition. 

To prepare this fait, cryftals of marine alkali are to be 
diffolved in hot water, ana into this liquor powdered cream' 
of tartar is to be thrown : when the effervefccnce ceafes, 
more cream of tartar is to be added, till the liquor is fatu- 
nted : it is then to be filtered and evaporated ; and very 
fine and large cryftals may be obtained by cold, each of 
which is the half of a polygonous prifm cut in the direc- 
tion of its axis. This fe&ion, which forms a face much 
larger than the reft, is, like them, a regular reftangle, di- 
flinguifhable however from the others, not only by its 
breadth, but alfo by two diftindt diagonal lines whicn in- 
terred each other in the middle. 

Mr. Beaume has obferved. that the cryftallization of this 
fidt, ahd alfo of the vegetable fait* is much more eafy and 
beautiful when the liquor in which it is made contains an 
cxcefs of alkali, which does not prevent the fait from being 
exaftly neutral, after it has been well drained. 

Salt of Saignette has a faline tafte, moderately ftrong* 
and difagneeable. ft retains much water in its cryftalliza- 
tion, is foluble in a lefs quantity of hot water than of cold 
water, and confequently cryftallizes well by cold. It be- 
comes farinaceous in a dry air, both from the quantity of 
water of its cryftallization, and from the marine alkali 
which enters its compofition. In other refpe&s, it has all 
the general properties of neutral tartareous falts y or foluble 
tartars. 

Salt of Saignette is ufed only in medicine. It is a good 

E tive, taken from an ounce to an ounce and a half. 

nuch ufed as fuch, and is, for that purpofe, difiolved 
in pure water, or in ptifans and mineral waters, to render 
them purgative. It is alfo given in fmall dofes of one or 
two gros, as an alterative, aperitive, and corrector of other 
purgative fubftances. Although this fait really poffefles 
thcfe good qualities, it does not Teem to differ much from 
ordinary foluble tartar, to which it is generally preferred. 
S* Tartar, Alkali (Mineral), at uf Tartar (So- 
htble). 

SALES SALS I. 

This is one of the names given to neutral falts, particu- 
larly to thofe which have a tafte fomething refembling that 
of common fait. See Salt (Neutral). 

Vo l. III. E SEDA- 
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SEDATIVE SALT. 

This fait is a faline, concrete, and cryftallizcd fubftance f 
obtained from borax by means of acids. This matter* 
although it acls as an acid in borax, and perfectly faturates 
its alkali, has not an acid tafle, nor the property of redden- 
ing the tinctures of violets and turnfol, as the acids pro- 
perly fo called do. Sedative fait has little tafte and folu- 
bility in water. It is a kind of neutral fait, which has only 
fome properties common to it with acids, as we (hall after- 
wards fee. 

Sedative fait may be obtained from borax by fubiimation, 
or by crvllallization. The mod: common procefs for ob- 
taining this lalt by fubiimation is that of Homberg, the 
tlifeoverer of fedative fait. This procefs confifts in mixing 
martial vitriol with borax, in diflolving them in water, in 
filtrating and evaporating the liquor till a pellicle appears : 
the liquor is then to be put in a fmall glals alembic, and 
the fubiimation is to be promoted till only a dry matter 
remains in the cucurbit. 

During this operation, the liquor pafles into the receiver; 
but the internal furfacc of the capital is covered with a 
faline matter forming very fmall, thin, laminated cry Hals,, 
very fliining and very light. This is the fedative fait. The 
capital is then to be unluted, and the adhering fait fwept 
off with a feather : the part of the liquor which palled 
laft into the receiver is to be poured on the dry refiduum of 
the cucurbit, and a new fubiimation is to be promoted as 
before, by diltilling till the matter in the cucurbit be dry : 
thefe operations are to be frequently repeated in the fame 
manner, till no more fedative fait can be fublimed. 

Sedative fait may be obtained by cryftillization. For 
'this purpofe, let borax be dilfolvcd in hot water ; and to this 
iolution, when filtrated, add any one of the three mineral 
acids, a little at a time, till the liquor be faturated, and 
even have an excels of acid, according to Mr. Beaume’s 
procefs: the liquor is then to be left in a cold place, and a 
• rear number of fmall, Alining, laminated cryAals will be 
formed : Thefe mull be walhed with a little very cold 
water, and drained upon brown paper. This is the fedative 
fait obtained by cryAallization. It is very beautiful arid 
Alining, but is fomewhat denier than the fait obtained 
by fubiimation. This latter is fo light, that one gros is 
fuflicient to fill a large phial. 
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The acids, either of the martial vitriol, or the difen- 
gaged acids in. the latter procefs, do only difengage this 
ldt from the marine alkali with which it* formed borax, as 
Mr. Baron has difcovered. Accordingly, this fait, when 
well prepared, does not partake in any manner of the 
nature of the acid by means of which it has been difengaged. 
Sedative fait obtained by cryftallization does-not differ eflen- 
tially from that which is fublimed, only that the cryllals or 
laminae of the latter are more feparated and detached than 
thofe of the former. 

Sedative fait, although it be thus fublimed, is not how- 
ever volatile ; for, as Mr. Rouelle obferves, it only rifes 
by means of the water of its cryftallization. We know 
that when once it has loft its water by drying, it cannot be 
railed into vapors by the moft violent fire, in which it 
remains fixed, and melts into a vitreous matter, as borax 
does. 

This yitrified fedative fait preferves its faline chara£ler ; 
and, although it has a beautiful cryftalline appearance, it 
is only fedative fait deprived of all moifture and melted. 
It is entirely foluble in water, and may then be cryftallized 
or fublimed, as at firft, into its proper form. 

A great quantity of water is required to diffolve fedative 
fair, and much more of cold than of boiling water. It may 
therefore be Cryftallized by cold, and is alfo cryftallizable by 
evaporation alone. 

Mr. Beaume has made an interefting obfervation upon this 
method of difengaging and cryftallizing fedative fait, which 
is, that we muft add a little more acid to the folution than 
is fufficient for the faturation. He remarks, that when 
only the precife quantity of acid is added to decompofe all 
the borax, the fedative fait remains confounded with the 
other laline matters contained in the liquor, and the cryftal- 
lization is confequently difturbed. This inconvenience is 
avoided by the addition of a little more acid than is fuffi- 
cient for the faturation of the alkaline bafis of the borax. 
The fedative fait, although formed in a liquor thus acidu- 
lated, may be entirely deprived of an excefs of acid, which 
is not combined with it, by means of draining upon paper, 
according to the principles of Mr. Beaume. 

The acid that is mixed in the hot folution of borax de- 
compofes this fait, becomes faturated with its alkaline bafis, 
and inftantly difengages the fedative fait ; all which is 
effe&ed without any effervefcence. The fedative fait does 
not cryftallize as fgon as.it is difengaged, although the 
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liquor be at the point of cryllallization, when only the pre- 
cile quantity of water is added which is neccffary for the 
folution of the borax. The heat is the caufc of this ; for 
*s foon as the liquor cools, a confiderable quantity of 
^ryftals is perceived. 

From the above-mentioned properties of the fedative fait, 
by which it refills fire, fo as to be capable of vitrification, 
without being otherwife altered, we may perceive that 
it is afalinc compound, the principles of which are llrictly 
united, and very difficultly feparable. This truth has 
been illuftrated by numerous and accurate experiments on 
this fubjedl by Mr. Bourdelin, related in the Memoirs of 
the Academy for the years 1753 and 1755. 

From thele experiments we find, that fedative fait refills 
the moll powerful agents for the decompofition of faline 
fubllances. It was unaltered by treatment with inflam- 
mable matters, with fulphur, with mineral acids difengaged, 
or united with metallic fubllances, and with fpirit of wine. 
Mr. Bourdelin could only perceive fome marks of an in- 
flammable matter, and a little marine acid, in this fait. 
The former he difeovered by a fmell of fulphureous acid com- 
municated by it to vitriolic acid; and the latter by a white 
precipitate formed in a folution of mercury, by the liquor 
obtained from the dillillation of a mixture of this fait with 
powder of charcoal. Mr. Bourdelin does not pofitively 
affirm the lall propofition ; but acknowledges, with alt 
c he mills, that we do not know the nature of fedative fait, 
from not having been able to decompofe it. 

As this fait has the property of difengaging the acids of 
nitre and of common fait by uniting with their bafes, and 
..Ifo as it is very verifiable, and promotes the vitrification of 
other fubllances, moll chcmuls believe that it is compofed 
of vitriolic acid intimately combined with a fufible and 
vitrefcible earth. 

This is cne of the falts which are foluble in fpirit of 
wine, to the flame of which it communicates a green color. 
A > only the faline combinations of copper are known to be 
capable of giving this color to the flame of fpirit of wine, 
feme chcmiits have been induced to believe, that fedative 
fait might contain copper, or the calx of copper. 

Laftlv, v/e may fufpedt fome analogy betwixt the fedative 
filr, on one fide, and arfenic and pholphoric acid on the- 
o r her, from fome properties which each of thefe fubllances 
haw, and particularly from their action upon certain falts, 

; ::d Com their vitrefcible quality. But thefe latter fub- 
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ibnces are not better known than fedative fait; there* 
fore all that we can lay upon this iubjefl is, that much 
yetremians to bedifcoyered concerning all thefe matters. 

Excepting the ufes of borax in vitrifications, and in 
fiifioas and foldering of metals, fedative fait is only em- 
ployed in medi&oe. Homberg, its inventor, believed that 
he difcovered in it a fedative, antifpafmodic, and even nar- 
cotic quality, and thence called it the narcotic fait ofvitrioL 

It was generally employed in convulfive difeafes after 
the pjaifes Homberg had bellowed upon it ; but its fedative 
powers have not ban well afcertained. The beft practi- 
tioners even ajffirm, that, to produce any effe&, it muft 
be given from half a gros to p gros, iuftead of dofes of 
a few grains, which were given at hrft. See Borax. ( u ) 

SALT of SODA. 

This is oqe of the names given to marine or mineral 
alkali obtained from the alhes of foda and of other maritime 
plants. See Alkalj {Mineral). 

SULPHUREOUS SALT of STAHL. 

This name is given to a neutral fait, compofed of volatile 
fulptugeous ^cid, combined to the point of faturation with 
fixed vegetable alkali. 

(•) Sidativs Salt. Mr. Cadet has publiflied, in the 
Memoirs of the Royal Academy of Sciences for the year 176 6, an 
account of fome experiments made by him upon borax and the 
fedative fait. From thefe he infers, 1. That the acid contained 
in borax is the marine, he having made a corro/ive fublimate 
with this acid and the mercurius precipitatus per fe. a. That the 
fedative fait does not exift in borax, but is produced during the 
procefs. 3, That this fedative fait, is compofed of the marine 
acid originally exifting in the borax, of the vitriolic acid employed 
in the operation, and of a yitfefcible earth. 4* That this vitref- 
dble earth is the fame as that which is generally feparated from 
borax daring its folution in water, and which abounds more in 
the unrefined than in the refined borax. 5. That this earth confiits 
of a calx of copper, from which, by reduction, he obtained a 
regains of copper. 6. That borax therefore is compofed of a calx 
of copper united with marine acid, and with mineral alkali. 
The uune chemift pnrpofes to make further experiments on this 
lingular fait. But M. Beaume maintains that the copper is only 
accidental in borax, and proceeds from the vefieis ufed in the 
preparation of this fait ; out that no copper can be obtained from 
pure borax. 
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This fait may be made either by faturating fixed alkali 
with volatile fulphureous acid made in a cracked retort, in 
Stahl’s manner, or by expofing linen foaked in liquid fixed 
alkali to the vapors of fulphur flcrwly burning. When 
this latter method is employed, the linen dries, becomes 
ftiff, and fliines with many fmall needle-like cryftals, which 
arc the fulphureous fait. 

Volatile .fulphureous acid does not differ from pure 
vitriolic acid but by a portion of phlogifton, which is only 
weakly united with it, but is however fufficient to difguile 
conliderably the cffential properties of this acid. Sul- 
phureous vitriolic acid has not only a pungent fmell and 
volatility which the pure vitriolic has not, but it alfo forms 
with different fubftances, particularly with fixed alkali, 
neutral falts very different from thofe formed by the union 
of thefe fubftances with pure vitriolic acid. Stahl firft ob- 
ferved this fait, which is the only one known of all the com- 
binations of the fulphureous acid. 

This fulphureous fait has a more pungent tafte than 
vitriolated tartar* is more foluble in water, and is cryftal- 
lizable by cold. Its cryftals are like needles attached to 
each other by their ends, forming tufted clufters of cryftals'* 
in which refpe£t alfo it differs from vitriolated tartar, and is 
fomewhat analogous to nitre. 

This fait may bedecompofed by any acid, and its fulphu- 
rcous acid expelled from it. Thus vitriolic acid, from being 
naturally the ftrongeft of any, is rendered the wealccft of 
all, merely bv union with the inflammable principle, which 
is only vveakfy combined with it. 

The natural volatility of the phlogiftic principle, and its 
weak adhefion to the volatile fulphureous acid, occafion a 
gradual change of the nature of the fulphureous fait. This 
lalt is perpetually changing, from the conftant diflipation 
of its phlogifton. It gradually lofcs its peculiar properties 
by which it differs from vitriolated tartar, becomes more 
and more fimilar to this Jalt, and at laft, when it has loft all to 
its phlogifton, does not in many refpedts differ from it. Pro- 
bably we might obferve the fame changes in the combina- 
tions of fulphureous acid with other fubftances ; neverthe- 
Icfc thofe which, like metals, have a ftronger affinity with 
phlogifton than alkali has, may perhaps produce effects 
very thfFercr.t. 

All the phenomena of the fulphureous fait, of the volatile 
fulphureous acid, and of fulphur, with regard to their 
ftveral combinations, arc naturJly dcuucihlc from this 
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^general principle, that the affinities of the mofl .compound 
bodies are always weaker than thofe of the mod Ample fub- 
ftances. See Volatile Sulphureous Acid, and Acid 
(Vitriolic). 

FEBRIFUGAL SALT of SYLVIUS. 

This is a neutral fait compofed of marine acid faturated 
with fixed vegetable alkali. It is rifo called regenerated fea 
fahy but improperly, beciufe the bafis is different from 
that of fea (alt, excepting its tafte, which is not fo agree- 
able as that of fea /alt. It refembles this fait in its cryftalli- 
zation, and in moft of its effential properties. It does not 
feem to deferve the epithet febrifugoly although it may, 
when given in proper dofes, as a purgative and antifeptic, 
contribute to the ctire of fome feversr, which qualities are 
common to it with other neutral frits. It is not now em- 
ployed. See Acid (Marine), Alkali (Fixed), and 
Neutral Salts. 

SALTS */TAKENIUS. 

The frits prepared in Takenius’s manner are impure 
fixed alkalis, obtained from the allies of vegetables burnt 
for that purpofe in a peculiar manner, namely, by fuffoca- 
ting their flame,* and leaving no more communication with 
the air than is fufficient for the burning of their moft dif- 
engaged inflammable parts. 

When therefore we would prepare the fixed falts of a 
plant according to this method, the dried plant is put in an 
iron pot, which is to be heated fo that its bottom fhall be 
red. The plant muft be continually ftirred ; a thick fume 
will exhale from it, and at length a flame rifes. The pot is 
then to be covered with a lid, which muft*be fo loofe thap 
the flame only will be extinguifhed, and the fmoke will 
pafs out. The lid muft be taken off fometimes, that the 
plant may be ftirred. When the plant is by this method 
reduced to a kind of rihes, thefc afhes muft be lixiviated 
with boiling water ; and when the lixivium has been 
evaporated to drynefs, a friine matter more or lefs reddifh 
tyill remain, which ought to be kept in a bottle. This 
is the fixed fait of the plant prepared in Takenjus’s me- 
thod. 

By burning plants in this manner, the fixed alkali ob- 
tained is- evidently phlogifticated, rendered femi-faponacc- 
pus, fimilar to that which is prepared for the making of 
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Pruffian blue, and mixed with all the neutral (alts con- 
tained in the plant. Thefe impure alkalis have been 
intended only for medicinal ufes. Some perfons have 
imagined that they could retain much of the virtue of thp 
plant from which they have been obtained. But although 
we do not doubt that the fixed faits of different plants, 
prepared in this method, differ coniiderably from each 
other ; yet as the medicinal virtues of vegetables depend 
chiefly on their proximate principles, and as thefe prin- 
ciples are totally changed, and decompofed by Itaming, 
even when they are made with the precautions which 
Takenius mentions, thefe faits retain none of the virtues of 
the plants from which they are produced when alkalis am 
required. Thev are only fcmi-faponaceous fixed alkalis, 
much lefs cauftic than well purified, alkalis, and there- 
fore may be preferred in medicine. Thefe alkalis partake 
befides of the virtues of the neutral {alts with which they 
are mixed* 

SALT of TARTAR. 

This name is commonly given to the fixed alkali of tar- 
tar, and even frequently to fixed vegetable alkali in general. 
See Alkali (Fixed). 

VEGETABLE SALT. 

This felt, called alfo foluble tartar^ and tartarlftd tartar, 
is a combination to the point of faturadon of cream of 
tartar, or acid of tartar with fixed vegetable alkali. It is 
prepared and cryftallized like fait of Saignette, from which 
it differs in its alkaline bafis. The cryftals of this fait art 
much fmaller than thofe of fait of Saignette. In other refpefts 
it has the fame properties, chemical and medicinal. Set 
Salt of Saignette, Tartar, and Tartar (So- 
luble). 

SALT ef VINEGAR. 

The fait fold by apothecaries under this name is nothing 
but vitriol&ted tartar, impregnated with very ftrong radical 
vinegar. 

As pure radical vinegar cannot be obtained in a concrete 
Hate but with very great difficulty, and as it does not retain 
this concrete ftate when it has once rfeceived it, as the 
Count de Lauraguais has (hewn, when a fait of vinegar is 
required with a very pungent and penetrating fmcll, to be 
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kept in bottles, like the concrete' volatile alkali called fait 
of England, a better expedient has not been found than 
that wq have mentioned. This mixture has a fmell of 
radical vinegar, almoft as pungent as that of volatile alkali, 
although the kind be very different ; and is applicable to the 
feme purpofes, namely, to relieve hyfterical paroxyfms. Set 
Vinegar. 


VOLATILE SALTS. 

This name is frequently given to volatile, concrete alkaline 
felts. Thus volatile fed ammoniac, and vd atilt fait of harts- 
km, are the volatile alkalis obtained from thefe fubftances. 
Ncverthdefe, the fame name is fometimes given to other 
feline fubftances of very different natures, for inftance, tht 
fib if amber, which is acid, and is called volatile fait if 
eaukr, which is certainly an inconvenience. The appella- 
tion volatile fob may be given to all feline matters really 
volatile, that ts, which may be fublimed with a moderate 
heat. But as theft felts are of very different kinds, they 
ought to be diftinguifhed by feme more particular name. 
The volatility of felts is a very indeterminate quality. 
For of thofe which are confidered as fuch, feme are much 
no re, and feme much Ids volatile than others. 

Theft felts am milled Jemi-voUtile which cannot be* 
fublimed without a fire fumcknt to render the bottom of the 
vcffel containing them red-hot, fuch as mod ammoniacal 
felts, fweet mercury, and feme others. And thofe arc 
called fixed fobs, which may be kept red-hot during a certain 
time without ftnfible lofs. But, rigoroufly fpeaking, no 
felts are abfolutely fixed \ for, as we have faid el fe where, 
the alkalis called fixed, and the other falts which are con- 
ferred alfo as fixed, are diffipated in fume when long ex- 
posed to a violent fire, with accefs of air. Set Alkalis 
(Volatile), Fixity, Volatility. 

URINOUS SALTS. 

This name was* given by ancient chemifts to all alkaline 
felts, volatile or fixed; to the former, becaule they all 
have’ the tafte of putrefied or diftilled urine ; and to the fixed, 
becauft although they have not themfelves this tafte, they 
however' occafion it, when applied to the tongue, by dif- 
engaging the volatile alkali contained in animal fubftances. 
Therefore urinous falts and alkaline falts are fynonimous. 
See Alkali. 
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SALT of STEEL. 

Some chemifts have given this name to feveral combina- 
tions of iron with acids, even to martial vitriol, as appears 
from Riverius* s felt of Jleel , which is a martial vitriol 
made with iron, vitriolic acid, and fpirit of wine. Set 
Vitriol. 

SALT-PETRE. . Set Nitre. 

SAND. Sand is compofed of fmall ftony matters. 
The kinds of fand may therefore be as many as the kinds 
of (tones. Moil fands ponfift of different kinds of (tones 
mixed together. But as foft (tones are eafily reducible 
into fo fmall particles, that they are more like powders or 
earths than fand; and as the molecules. of hard or veri- 
fiable (tones are capable of preferving longer their fize ; 
hence molt matters called fand are of the nature of vitrifiable 
earths. See Earths (Vitrifiable). Accordingly, by 
the name of fand, we underitand always, in natural hiftory 
and in chemiftry, a matter of the nature of vitrifiable earths. 

The principal life of fand jn chemiftry is in compofitions 
for pottery and glafs. Some fands are more and (bme lefs 
fufible. The particles alfo of fome are larger than .thofe 
of others. The finer kind is generally^ufed for vitrifica- 
tions, and other chemical operations , 1 becaufc it is naturally 
much divided : It is frequently employed to make a fand- 
hath to tranfmit heat to veffcls placed in k. * 

S A N D A R A C H, This is a yellow or red combina- 
tion of arfenic with fulphur. See Arsenic* and Real** 
car. 

SANDIVE R. See Glass-Gau,. 

SAPHIRE. (x) 

SARCOCOLLA. (y) 

SARSAPARILLA, (z) 

(x) Sap hike is the name of a pellucid blue gem, the hard* 
nefs of which is next to that of the toby. By file it is unfufiblc, 
but its color is thereby dcfiru&ible. It may be imitated by fufing 
a hundred parts of cryftal glafs-fritt with one part of zaffre, and 
a very fmall proportion of manganefe. 

(y) Sarcocoi. la is a gum-refin, of an ounce of* which liar 
drams were found to be loluble by fpirit of wine.; and fcvenr 
drams and a half weic found to be loluble by water. Neuman* . 

(%) Sarsatarjlla. From fix teen drams of this root Net*, 
man obtained by water fix drains of gummy cxtrafl, and from an 
equal quantity he obtained by fpirit four drams of refinous ex- 
tra^ 
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SATURATION 
SASSAFRAS, (a) 

SATURATION. All the particles of matter have, 
as is faid under the articles Affinity, Combination, 
Solution, and Gravity, a tendency to unite one with 
another. In fa£l, when they are united, and when this 
tendency is fatisfied, it is called the ftate of faturation , and 
then the whole effeft of this tendency, or of this force, 
confifts in making them cohere together. . But all the 
phenomena of chemiftry fhow, that the tendency to union 
of the parts of different fubftances is more or lefs ftrong, 
according to the nature of thefe fubftances. Hence the 
parts of two fubftances may be united together with all 
the force of which they are lufceptible, refpe&ively to each 
other, although their tendency to union in general be very 
far from being entirely exhaufted and fatisfied. 

This remark leads us to confider faturation in two views, 
that is, that we ftiould diftinguifti the faturation o r one fub- 
ftance relatively to another, from the greater or lefs diminu- 
tion of tendency to union in general, which a fubftance has 
fuftaihed by means of any particular union contracted. This 
latter we fhall call abfolute faturation , and the former relative 
faturation . 

Thefe things being premifed, as the general tendency 
to union diminifhes always in proportion to the force with 
which the parts are united, hence the adhefion more or lefs 
ftrong, contracted betwixt the principles of any compound, 
influences much the nature and effential properties of this 
compound j for example, when the principles of a body are 
capable of uniting together with all their general ten- 
dency to union, their relative faturation is then confounded 
^vith their abfolute faturation, lo that after their union, 
no tendency to new unions can be perceived in thefe bodies, 
or in any of their principles. Such are the neutral falts 
com poled of mineral acids and fixed alkali. So ftron'g 
an union is contra&ed by the acid and alkaline principles of 
phefe falts, that they lofe entirely, or almoft entirely, their 
tafte, caufticity, activity; in a word, all the properties 

(a) Sassafras. The wood of this tree contains the heavieft 
pf all known effential oils. Of this oil Hoffman obtained an 
\.unce and fix drams from fix pounds of the wood ; and Neuman 
obtained from an equal quantity of wood, two ounces. From an 
punce of faffafras four fcruplcs of extraft were obtained by means 
of reftified fpirit; and from an equal quantity of the wood two 
Hrams were extracted by water. A \uman. 
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which before this union were occafioned by their general 
tendency to combination. Accordingly, the relative fatura- 
tion of thefe is very diftinft, and is one of the firft which 
has been obferved. 

When, on the contrary, the principles of a compound 
can contract together only a weak union, and confequently 
do not exhauft by this union all their general tendency to 
combination,' not only their point of relative faturation is 
kfs diftintt, but alfo thefe principles, although relatively 
fa tu rated by each other, are far from abfolute faturation, 
and ftill preferve, notwithftanding this union, much of* 
their diflolving power. Compounds of this kind are always 
confiderably adtivc, and even cauftic according to the 
nature of their principles. Such are deliquefeent falts, 
and particularly molt falts compofed of mineral acids and 
metallic fubftances, the caufticity of which cannot be other- 
wife explained. See the articles Causticity, and Subli- 
mate (Corrosive). 

Many fubftances have a determinate and confiderably 
diftimSi point of relative faturation, although they contract 
together but a weak union. But if we attend, we fliall per- 
ceive that all thefe fubftances poflefs but a fmall quantity 
of diflolving power, or a weak general tendency to combi- 
nation. Their relative faturation is nearly equal to their 
abfolute faturation. Such are ether with water, eflential 

Is with fpirit of wine, and moil neutral falts with water, 
Ij we mix together and agitate good ether with water, a 
part of the ether unites with the water, nearly in the pro* 
portion of one to ten ; fo that if one part of ether be added 
to ten parts of water, all the ether difappears by being 
diffufed through the water, as the Count de Lauraguais 
obferves. If the quantity of ether be more than one tenth 
part of the water, the overplus will float diftinfi upon the 
lurfcce of the water, like an oil. 

Alfo well rectified fpirit of wine can on}y diflolve a deter- 
minate quantity of each kind of eflential oil, which quan- 
tity varies according to the kind of oil, and to the ftate 
in which it happens to be. In general, the more attenuated 
they have betrt by re£kification, the more they are removed 
from a refinous ftate, and tfie fmaller auantity of them is 
foluble. And alfo the more highly re&ined a fpirit of wine 
is, the larger quantity of oil it dinolves. 

W ater is the proper folvent of neutral falts. It is capable 
of diflolving any of them, but moil of them only in a cer- 
tain quantity : and this point of faturation of water differs 
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with different falts, and degrees of heat applied. The 
point of faturation is moft diftind with thofe falts which 
contain a fmall quantity only of the water of cryftallization, 
and which are nearly equally foluble in Hot and in cold 
water. Such are vitrioiated tartar, and, ftill more, com- 
mon fait. 

When the water is once faturated with thefe kinds of 
ialts, the ftrongeft and longeft boiling does not diffolve a 
grain more, and the overplus of the fait remains entire at the 
bQttom of the boiling water : But boiling water difTolves 
an equal, or even an unlimited quantity of fome falts, 
chiefly of thofe which contain much water in their cryftal- 
lization, fuch as Glauber’s fait, alum, borax, martial and 
cupreous vitriols, and others of that kind. The water of 
cryftallization of thefe falts is alone fufficient to keep them 
difiolved, by means of heat. Hence, when they are ex- 
pofed to fire without water, they fttfFer a liquefa&ioil, 
which is very different from fufion, and is nothing elfe than 
a folution ot the fait in the water of its cryftallization, and 
confequently lafts only till this water be evaporated. The 
point of faturation of water for thefe falts feems to be in- 
determinate. 

Many fubftances are capable of uniting without being 
precifely faturated, fuch as water with any of the following 
fubftances fluor acids, fixed vegetable alkali, fluor volatile 
alkali, moft of the very deliquefeent neutral falts, and fpirit 
of wine. Such alfo are aJmoft all metals uniting with 
each other: Although many of thefe fubftances have a 
great affinity together, as the fluor acids and alkalis with 
water, yet all their general tendency to combination is not 
exhaufted in thefe kinds of union. On the contrary, their 
union is little elfe than a very accurate and intimate mixture. 
Their diffotving power is not fatisfied by fuch an union, 
but is almoft entirely preferved. We need not therefore 
be furprifed, that no precife or determinate point of fatura- 
tion is obferved betwixt thefe fubftances. W e may fay, in 
general, that the point of relative faturation is fo much 
more exaft, diftinct, and determinate, as the bodies which 
unite together have a ftronger affinity, as they more com- 
pleatly exhauft upon each other their diffolving power, or 
as their relative faturation is more nearly equal to their 
abfolute faturati on . 

The examination of the feveral degrees of faturation 
which fubftances may luftain by combining together, is an 
•bjed as important as it is new in chemiftry. This matter 

has 
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has been fcarcely begun, and yet it well deferves the at- 
tention of chemifts, as it would greatly advance the fcience* 
We could not treat this fubje# more fully without repeating 
what has been faid elfewhere. We therefore refer to ther 
articles affinity, combination , comp efit ion, folution , caujlicity 9 
gravity , Jalts , neutral fa Its, corrofrue fublimate ; and feveral 
others. 

SAUNDERS, (b) 

SCAMMONY. (c) 

SCORDIUM. (d) 

SEA-WATER. See Water. * 

(b) Saunders. The wood of the tree, called red favnders 9 
contains a red coloring material ufed in dying. Its color refides 
Wholly in a refinous matter, and hence is extra#able by fpiric 
of wine, and not by water. The red color of Saunders, imparted 
to fpirit of wine, becomes, by diluting the tin&urc with more 
fpirit, yellow. The refin gave a ddep red color to oil of lavender, 
and a pale red to oil of almonds and to oil of anifeeds, but no 
color to oil of amber and to oil of turpentine. 1 he wood of the 
tree, called yellow faunders , is from its fragrance fometimes em- 
ployed as a perfume. From fixteen ounces of the rafped wood, 
digefted fome days in fait water, two drams of eflential oil were 
obtained by cohobation. Two drams of gummy extra# may be 
obtained from two ounces of the wood by water ; and from an 
equal quantity of wood, two drams and a half of refinous extra# 
may be obtained by reftified fpirit. Neuman . 

(c) Scammony is a eummy-refinous juice, which ex fudes from 
the root of a fpecies of convolvulus, in which inciiions are pur- 
pofely made at a certain feafon of the year. An ounce of Smyrna 
lcammony yielded with water half an ounce of gummy extia#, 
and the iefiduum yielded with fpirit two drams ot refin, leaving 
two drams of imputities undilTolvcd. By applying rectified fpirit 
at firft to an ounce of the fame fcammony, two drams and two 
fcruples of refinous extra# were obtained ; and from the refiduum, 
water cxtra#ed half an ounce of gum, the indifioluble part 
amounting here to four fcruples only. Numan. 

(d) Scordium. An ounce of the dtied leaves of fcordium 
yielded with water four drams and a half of gummy extra#, and 
afterwards with re#ified fpirit fifteen grains of refin. Another 
ounce, treated firft with fpirit, gave three drams of refinous ex- 
tra#, and afterwards with water, five fcruples and a half of gum. 
A tincture, made in highly re#ificd fpirit of wine, contains more 
of the a#ive and lefe ot the mucilaginous parts of this plant, than 
one made with a weaker fpifit. 


SELENITES. 
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SELENITES. Modem chemifts give this name to a 
fort of neutral fait formed by the union of vitriolic acid 
with any calcareous earth. Vitriolic acid and calcareous 
earth are capable of combining together to the point of fatu- 
ration in the moft intimate manner. Probably a very 
confiderable quantity of earth enters into this combination, 
at leaft if we judge of it by the faturation of vitriolic acid, 
which appears to be more compleat than in any of the other 
neutral falts formed with this acid. This truth is fufficiently 
eftabliftied: by the properties of felenites. 

Nature furnilhes us with a very large quantity of felenitic 
matters. Chemifts agree that all gypfumsor plafter-ftones, 
alabafters, and gypfeous fpars, are nothing elfe than 
felenites j but thefe fubftances are in large quantities within 
and upon the earth. We may alfo artificially compofe 
felenites, by combining vitriolic acid to the point of fatura- 
tion with calcareous earth* To effeft this faturation eafily, 
the calcareous earth muft be in fine powder, the acid muft 
be diluted in a very large quantity of water, and more earth 
muft be added than is neceffary for the faturation. Selenites 
may alfo bo conveniently made by faturating lime-water 
gradually with weak vitriolic acid ; or, laftly, by pouring 
this acid into a folution of nitrous or marine falts with cal- 
careous bafes. In thefe latter operations the felenitic fait 
renders the liquor turbid, and is precipitated. 

Selenites, natural or artificial, when well wafhed from 
all excefs of acid or ^thfer* extraneous matter, has a {lightly 
naufeous tafte v wbich is fcarcely perceptible but by drinking 
a glafs of water impregnated with it, like that of the wells 
in and near Paris, the (weetiih and flightly naufeous tafte of 
which is well known. 

This earthy fait is one of the leaft foluble by water of all 
the known neutral falts. Seven or eight hundred parts of 
water are required to di ffolve one part of felenites, except- 
ing when its principles are combined, and the fait formed 
in the water, as Mr. Beau me has obferved ; for then the 
water may diffolve four or five times as much. By a 
flow evaporation it cryftallizes, and forms thin laminae, 
tad retains in its cryftallization a very fmall quantity of 
water. 

When it is expofed to a moderate fire, it eafily lofes 
this water of its cryftallization, with its tranfparency 
and cohefion of its parts, and is reduced to a white 
powder. 

With 
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With a very great fire, it is not fufible when alo he, ( e ) 
but is more eafily fufible than pure calcareous earth, by the 
addition of fluxes, as fand, and clay, and vitrifying falts. 
It refifts the greateft heat without lonng its acid. It cannot 
be decompofed by phlogifton, by alkalis fixed or volatile ; 
and by metallic folutions in nitrous acid, by means of a 
double affinity. Thus the folution of mercury readily 
fhevvs whether a water be felenitic or not, by forming a 
precipitate of turbith-mineral when added to fuch waters. 
As felenitic matters are copioufly difFufed, and almoft every 
where within the earth, moft waters of wells, or rivers, 
contain a greater or lefs quantity of felenites diffolved in 
them, as we may eafily find by tne abovementioned method 
of trial. 

Nothing better (hews the extreme difference betwixt 
vitriolic and other mineral acids, than the comparifonof the 
faline properties of felenites with thofc of nitrous and 
marine falts with calcareous bafes. The earthy bafis is the 
fame in thefe three falts ; but the two latter have a violent, 
almoft cauftic tafte, and are furprifingly deliquefeent $ while 
the firft fait is very difficultly foluble in water, and almoft 
infipid. The caufe of thefe differences is, that vitriolic 
acid is more fimplc than the other acids, and is therefore 
capable of being more intimately combined and faturated 
with calcareous earth. 

This kind of fait has been called felenites, probably be- 
caufe natural ifts found its faline properties fo weak, that 
they thought it ought to be diftinguifhed from other neutral 
falts by a peculiar name. Perhaps they did not even 
believe it to be faline; for the nature of felenitic matters 
has been difeovertd but lately by experiments of modern 
chcmiils. 

We are not enough acquainted with calcareous earths 
to know if felenites be of different kinds, or if all the fub- 
ftances to which this name i c given arc only one and the 
fame fait under different forms of cryftallization. If the 
kinds of calcareous earth be effcntially different, they muft 
form with vitriolic acid feveral kinds of felenites alfo efien- 
tiaily different from each other. But if only one kind of 
calcareous earth exifts, then it can only form one kind of 
fclcniic:-. 

(e) Fmm Mr, IV ^ reed* Memoir upon the eff’fls of a violent 
aiiv. tinned he it, we find that all gvpfeoas Hones, and 

i- '.e riwiuai i’dei.itic falts, are fufible and vitrefcible by 

vi,i. r f e. 

We 
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We may obferve, that amongft the various bodies called 
by chemifts felenites, that is, compounds of vitriolic acid 
with calcareous earths, fome differ much from others, 
it leaft externally. Thefe fubftances are all the gypfums, 
alabafters, and lpars, which fome chemifts, particularly 
Mr. Pott, have called gypfeous, and, laftly, fome cryftal- 
lizations and ftala&ites, which have the fame principles and 
the fame eftential properties as other felenitic fubftances. 
Set Acid (Vitriolic), Alabaster, Gypsum, Spar, 
6nd Earth (Calcareous). 

S E M I-M E T A L. Subftances pofleffing all the metallic 
properties, excepting fixity and du&ility, are called femi- 
metals . Thus every matter pofTefled of metallic denfity, 
opacity, and luftre, which is incapable of uniting with 
earths, but which is alfo brittle and frangible by the ftroke 
of a hammer, and capable of being fublimed or reduced into 
yapors by fixe, is a femi -metal. Hitherto we know but 
five femi-metals, which art regains of antimony , zinc, biftmth , 
reguhts of cobalt* and regains of arfenic . 

Some chemifts have numbered mercury amongft the femi- 
metals, under pretence that it poflefied all the metallic pro- 
perties excepting fixity and du&ility : but all femi-metals 
ire combuftibie, and mercury is no more fo than the perfe& 
metals $ and alfo, the want of dudility is falfeiy imputed to 
it, fince the Academicians of Peteribourg, who fome years 
ago fixed it, found it dudile and malleable. If mercuiy 
then be not du&iie in its ordinary ftate, the caufe of this 
appears to be, that it is really in fuiion : but the moft 
dudile metals lofe their du^Hlity by fuiiort, as this 
quality neceftarily implies fblidity. On the other fide, 
die great volatility of mercury does not allow us to clafs it 
imong metals. This metallic fubftanoe is therefore fingle 
in its kind, and is really neither a met&nor a femi-metal. 
See Mercury. 

Mr. Cronftedt has given, in the Memoirs of the Swedish 
Academy for the year 1731, a defcription of a new femi- 
metil: but this metallic fubftattce is hithtrtp but little 
known, (f) 

(f) Concerning this new femi-metal d if eeve r ed by Mr. Cron- 
ftedt, feetbt article Nickel. See alfo a note to the article Mr tali, 
concerning another new femi-metal which Mr. Jufti fays that he 
has difeovered in the yellow mica. 

VoL.IIl. F SENA. 
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SENA, (g) 

SENEGAL (GUM) (b) 
SERPENTINE-STONE. (!) 

SILK, (k) 

SILVER. Silver, called alfo Itina by chemifts, is a 
perfedf metal, of a (hining white color. 

Its fpecific gravity is, although confiderable, nearly one 
half lcfs than that of gold. It lofes in water an eleventh 
part of its weight. A cubic foot of filver weighs 720 
pounds. 

The tenacity of its parts is alfo nearly one half lefs than 
that of gold ; a filver wire, the diameter of which is T l 6 
part of an inch, can lupport only a weight of 270 pounds 
without breaking. 

This metal is, next to gold, the mod: du&ile of all. 
Vory fine wire and leaf may be formed of it. 

It is fomewhat fonorous and harder than gold, as Juncker 
obferves ; and is fufible with a lefs degree of heat than 
gold is, according to Cramer. It feems to be as fixed and 
indcftru&iblc as gold is. Kunckel kept filver and gold in a 

(g) Sena. An ounce of the leaves of Sena, treated with frelh 
parcels of re&ified fpiritof wine, yielded two drains and twenty- 
three grains of refinous extratt ; and afterwards with water, two 
drams and two fcruples of gummy extratt, three drams and 
three grains remaining undilToived. Another ounce, treated firll 
with water, gave four drams and half a fcruple of gummy, and 
afterwards with fpirit only, twenty-eight grains of a refinous ex- 
tracl, which appeared to contain fome grofs oily matter; and 
hence was difficultly reduced to drynefs. The refiduum weighed 
three drains and a fcruplc. Water dillilled from Sena poflefles 
the peculiar fmell of thefe leaves, but iioeflential oil appears. 
The aftivity of Sena is greatly weakened by evaporation, efpe- 
cially if the procefs be performed in an open vcflel with a boil- 
ing heat. Neuman. 

(h) Senegal (Gum) is a gum, almoll pure, and entirely 
fimilar in properties to the other pure gums, as gum arabic, 
cherry-tre^ and plum-tree gums. See Gum. 

(i) Serpentine St one is a lleatitcs varioufly colored, but 
in which the green color generally predominates. Steatites. 

(k) Silk is an animal fubltance, from 16 oz. of which may be 
obtained, by dilfillation, nine ounces of mixed matters, con- 
taining four ounces and two drams of urinous fpirit, three ounces 
fix drams of volatile fait, and one ounce of empyreumatic oil. 
The caput mortuum weighed feven ounces, and loll an ounce 
on being calcined to whitenefs. By elixating the calx, forty 
grains of fixed (aline matter were alfo obtained. Neuman. 
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is matter, with which 


. that filver may be changed' 
ted by a long reverberation 
» landusr This reverberation 
, reduced into very fine parts, to 
:t heat they can fuftain without 
of free air. This method is very 
the inflammable principle of me* 
bodies. But Juncker does not men** 
:hs experiment. 

. action of air and water does not alter 
. i liiancy of filver, nor occafion any ruft, 

- the furface of this metal is apt to tarnifli, 
become black, by the con tad of the phlo- 
1 oral inflammable matters, or of their exhala- 
.caufe it has the property of impregnating itfelf 
i c inflammable principle niperabundantly, even in 
d, like fomc other metallic matters; but hirer feems 
: more fufceptible of this eflfed than any other metal. 

All acids are, with more or lefs facility, capable of di£ 
living filver. 

Vitriolic and marine acids may be combined with filver 
in its metallic ftate ; but difficultly, and by particular ma~ 


Basement. r 

Todiflolve filver diredly, vitriolic acid muft be much 
concentrated and very hot •, and therefore diftillation is 
neceflaxy, as in the operation of turbitk mineral. See Tur- 
bith Mineral. 

The marine acid cannot attack filver dire&ly ; but when 
it is very much dephlegmated, and, as it were, in a dry 
ftate, confiderably hot and reduced to vapor, as is done by 
the royal cement in concentrated parting . See Parting 
(Concentrated). 

But filver may be combined with the above-mentioned 
acids, by methods much more fimple and convenient, 
which we (hall deferibe, after having fpoken of the folu- 
tion of filver by nitrous acid. 

Nitrous acid, very pure and moderately ftrong, diffolves 
fiber in its metallic ftate with the greateft facility. This 
Solution is made fpontaneoufly without heat, or with a very 
gentle heat at firft ; and when the filver has begun to dif- 
folve, the heat ought to be difeontinued, to prevent the fo* 
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lution from being too violent* efpccially if the quantities 
operated upon be confiderable. 

By this method nitrous acid may be Saturated with filver; 
and if it be ftrong, it will diffolve a confiderable quantity of 
that metal. 

If the filver thus diflolved be allayed with copper, the fo- 
lution will be green, and will preferve this color. If it 
contain no copper, the folution is at firft greenifli, which 
color gradually diflipates, and at laft the liquor becomes 
quite white. 

The furface of the filver begins to become black as foon 
as the acid makes impreflion upon it. This blacknefs pro- 
ceeds from a part of the phlogifton of the nitrous acid, 
which is applied fupcrabundantly to the furface of the 
iilver. 

Black flocks are frequently feen floating in this folution, 
which are infoluble by nitrous acid, and precipitate to the 
bottom. Thefe flocks may be a fmall quantity of gold from 
which filver is feldom entirely free, or of fome other phlo- 
gifticated fubftance, infoluble in nitrous acid. 

The folution of Iilver by nitrous acid is more acrid and 
corrofive than pure nitrons acid ; which property is very re- 
markable, and is common to it with feveral other combina- 
tions of metals. See an explanation of this property under the 
•article Causticity. 

This folution of filver corrodes all vegetable and animal 
matters, and ftains the fkin of a black color, which cannot 
be effaced till the blackened part be abraded. This black- 
nefs can be only attributed tQ the phlogifton of corroded 
matters, which unites fupcrabundantly with the filver of 
the folution employed. 

If a folution of filver by nitrous acid be fufficiently eva- 
porated, and left to cool, a large quantity of white cryftals 
will be formed in it, like feales, which are commonly call- 
ed cryftals of filver. Thefe cry ftals are a nitrous fait, the 
bafis of which is filver ; for which rcafon it may alfo be 
called nitre with bafts of fiber, or lunar nitre. 

This fait is fufible with a fmall heat, and eafily lofes the 
water of its cryftallization. It becomes black, congeals 
by cold, and is capable of being moulded. It is then the 
famous cautery ufed by furgeons, and known by the name ' 
of lapis infernalis . See the words Parting, Crystals of 
Silver, and Lapis Infernalis. 

Lunar nitre deflagrates upon coals almoft as well as the 
nitre with bafis of fixed alkali, which (hews a ftrong adhe- 
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fion of nitrous acid with filver. Nevertheless, this (fit ex- 
poled to ftrong fire in diftiUing veflels, or in a crucible, 
may be ealily aecompofcd. The acid quits the Silver, and 
appears in its former ftate. 

Although filver, as we have Seen, i$ more effily (bluble 
in nitrous acid than in vitriolic and marine acids, 'we ought 
not thence to conclude, that this metal has, with the ni- 
trous acid, a greater affinity than with the two others. Qn 
the contrary, the two latter acids are capable of Separating 
it from the nitrous acid, after this Has diflolved it. 

If vitriolic acid be poured into a Solution of filver in nU 
fcrous acid, and if it be not diluted in too great a quantify 
of water, we fee immediately the liquors become turbia, A 
and a white precipiute appears, which is nothing elfe than 
a new combination made of %ht Silver which quitted the ni- 
trous acid to unite with the vitriolic acid, and to form with 
it a new Salt with metallic halls.' This Salt, which may 
properly be called vitriol of filver, or lunar tr itriol, if cryftal- 
lizable, and a&ually does cryftallixe in the very inftant of 
precipitation j but tne cryftals are So fmaU, from the rapi- 
dity of the cryftallization, that they have only the appear- 
ance of a white powder. They cannot be 'discovered' to be 
cryibls but by means of a good magnifying glafe. 

The fame event happens,' If, inftead of vitriolic acid, a So- 
lution of any firit containing that acid be added to a Solu- 
tion of Silver in nitrous a rid. The nitre of Silver will be 
thereby deeompofed, and a vitriol of filver obtained Similar 
to the former. 

Although vitriolic acid engaged in any bafis, fitch as 
fixed alkali, with which it haia Stronger affinity than with 
fifver, does neverthelefs quit its bafis 'to combine With this 
metal, ypt we may obferve, that in theSe precipitatiohs two 
decompositions and two new combinations are sdways efieft- 
ed, by means of a double affinity. ' We may therefore fee 
the explanation of this cafe at the word AffinitV. 

Marine acid, whether engaged in any bafis, or difen- 
gaged, produces in the Solution of filver by nitrons acid the 
Same cm& as the vitriolic acid. It Separates from the ni- 
trous acid the metal, with which it unites and forms a new 
compound, or a marine fait with bafis * of fiber , known to . 
chemiSts by the name of tuna cornea, or corneous filver. See 
Luna Cornea. It 19 called corneous, becaufe this filver, 
united with marine acid by expofure to fire, may be melted ; 
and may be coagulated by cold into a femi-tranfparentj 
femi-fieiuble n laft, like horn. 

F 3 Luna 
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Luna cornea, although in a faline ftate, is very little fo* 
Juble by water. The precipitate which it forms is very ap- 
parent: it is compofed of flocks, which adhere one to 
another, and form a kind of white curd, that floats in the 
liquor. By this appearance alone it may be diftinguifhed 
from vitriol of filver. 

Thefe properties of a fpjution of filver, together with 
the facility with which it is rendered turbid by the prt fence 
of the fmallefl quantity of vitriolic and marine acids, dif- 
engaged or combined with any balls, render it very conve- 
nient and much ufed for the examination of waters, and in 
other chemical operations, to afeertain the prefence of thefe 
two acids, in whatever compound they may be contained. 

Silver, as well as all metals, may be f para ted from any 
acid* by abforbent earths, or by fixed and volatile alkalis ; 
juid when afterwards fuf d, it recovers its original proper- 
ties. Silver, thus diflolyed, precipitated, and melted, is 
generally very pun*. We may be certain that filver, which 
has been formed into luna cornea, and afterwards has been 
reduced, does not contain a particle of gold, platina, cop- 
per, iron, or ether metallic fubftance foluble in aqua regia, 
and consequently not feparable from nitrous acid by means 
of marine acid. 

From what has been faid concerning thefe fevcral decom- 
pofitions of a folution of filver made by nitrous acid, we 
may infer that this combination may be decompofed ; 

1. By the ad ion of fire alone, which expels the nitrous 
acid. 

2. By phlogifton, which burns and deftroys nitrous acid 
in the detonation of lunar pitre. 

3. By precipitation with faline or earthy alkalis, which 
feize the nitrous acid, apd leave the filver difengaged in the 
ftate of a precipitate. 

4. By vitriolic acid, which feizes the filver, and leaves 
the nitrous acid difengaged. 

5. By marine acid, which has the fame effed. 

6. Laftly, feveral metals, and elpecially copper, having 
? ftrongcr affinity than filver with nitrous acid, dccom- 
pofe alio this folution of filver, by feizing the acid, and 
obliging the filver to feparate from it, which it does by 
precipitating it in its proper metallic ftate. See the words 
Precipitate and Precipitation. 

Sulphur diffolves filver by fufion, and forms with it a 
blackifh mafs, which may be cut, and which has almoft 
the color and confiftence of lead. It is called fulphurated 

filver . 
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fiher m This compound is a kind of artificial ore of filver. 
Some expert perfons are faid to be able to imitate very well 
by this mixture fome natural ores of filver. 

To make this combination, filver and fulphur are laid 
alternately upon each other in feveral ftrata in a crucible, 
which is to be heated by degrees till the whole be fufed. 
Lefs heat is required for this fufion tharf if the filver was 
alone, becaufe fulphur facilitates the fufion of this, as well 
as of all other metals difficultly fufible, upon which it is 
capable of a&ing. 

The fulphur may be feparated from the filver by the mere 
action of the fire, continued during a certain time with ac- 
cefs of air. When fulphurated filver is detonated with 
nitre, this reparation is very well and inftantly made. As 
this metal is indeftru&iblc by all thefe agents, it is found 
to be unchanged by thefe operations, 

Juncker relates, after Kunckel, that if fulphur be difij- 
pated from fulphurated filver by the a&ion of fire ; and if* 
a volatile alkajine fpirit of urine be poured upon this filver, 
a blue color is produced. He adds alfo, that this does not 
happen a fecond time to the fame filver, virilefs it be firft 
cupelled with lead. This chemift concludes from thence* 
that this color proceeds from copper which the filver re- 
ceives from the lead. See Confpeftus Cbymia % Tom. I. p. 
893. 

Silver is found within the earth in different ftates, A 
very final 1 quantity of it i$ in its natural and malleable 
ftate, allayed with copper and gold ; ami is then called vir- 
gin or native filver : but filver is generally found in a mine- 
ral ftate* that is, united and incorporated with heteroge- 
neous matters, fuch as other metallic fubftances, and the 
mineral ifing fubftances, namely, fulphur and arfenic. It 
is feparated from all thefe matters by particular procefies 
practiced both in effays and in fmelting the ore in large 
quantities. See Ores of Silver. 

Silver is purified from the allay of other deftru&ible 
metals by treating it with nitre, or with lead. See Puri- 
fication ^Silver by Nitre, The latter method is ge- 
nerally ufed by refiners, and is called cupellation % or refining , . 
See Refining. 

All thefe operations are founded in general upon the de- 
ftru&ibility of imperfect metals, and on the indeftrudfibili- 
tv of filver, which is 3. perfect mefal : but as gold is an in- 
wftruflible metal, all the purifications of filver, which are 
pnly effected by the deftr&Qion of metals allayed within it, are 

F 4 fufficient 
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fufficient to feparatc it from gold. Wc muft therefore havp 
recourfc to other operations, for the reparation of thefe two 
metals from each other. Thefe operations, which are call- 
ed by the genera! name of partings are founded upcp/i the 
property which filver has of being foluble by many men- 
ftrua which do not act upon gold. Thefe menftrua are ; 

1. Nitrous acid ? which diffolves filver without touching 
gold. By means of this acid, filver is generally parted 
from gold, and the operation is called partings without any 
epithet to diftinguifh it from the Others. See Parting. 

2. Marine acid, which being applied conveniently to a 
mixture of gold and filver, feizes the latter metal exclufivc- 
Jy of the former. As this parting is performed by cemen- 
tation, and as the marine acid mint be highly concentrated, 
it is called concentrated parting. See Parting (Concen- 
trated). 

3. Laftly, fulphur, which unites alfo to filver with- 
put touching gold, furnifhes a third method of feparating 
thefe two metsus. This is called dry partings becaufe it is 
jnade by fufion, which chemifts call the dry way. See 
Parting (Dry). 

Silver is capable of being allayed with all metals, and 
forms with them different compounds, the properties of 
which may be feen under the word Allay. 

According to Mr. G^offroy’s Table of Affinities, thofe 
of filver are firft to lead, and then to copper j arid Mr. 
Gcllert’s Table mentions only gold. 

SIMILOR. This is a name given to an all^y of red 
copper and zinc, made in the beft proportions to imitate 
the color ofgold. * See Copper, Brass, and Zinc. 

smalt: it is a blue glafs compofed of the calx of 
cobalt, vitrified and melted with fomc fritt of glafs or 
cryftal. ‘Ground fmalt is called azure y or enqmel blue. See 
Azure, Cobalt, and Zaffre. 

SMELTING of ORES. We have fhewn, under 
thp articles Ores ana Pyrites, the nature of the principal 
metallic minerals, and the fubftances of which they are 
compofed. We have alfo explained, under the article Essay 
of Ores, the proceffes by which an exadl analyfis of thefe 
compound minerals may be made, and the nature and quan- 
tity of the contained metals may be known. In order to 
complete what relates to this important fubjeft, we fhall 
deferibe in this article the principal operations by vyhich 
are obtained “ in the great,” as it is called^ or for com- 
mercial purpofes, metals, fulphyr, vitriols, ^rid other ufe- 
* fill 
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fpl fubftauces contained in metallic minerals. \Vha£ we 
ibal! fay upon this fubjeft will chiefly be extra&ed from a 
TreatjjV on the Smelting of 0;vi, by Schlutter , t ran flawed from 
the German into French by M. Hellot ; becaufc this, of 
all the modern works upon that fubjeft, appears to be the 
moft exact. We fibali firft deferibe the operations upon 
pyritous matters for the extradtion of fulphur, vitriols, and 
alum ; and afterwards the operations by which metallic 
Jubftances are extra&ed from ores properly fo called ; from 
which alfo are occafupnally obtained the fame matters as 
from the pyrites. As the prefent article is only the fequel 
of the articles Ores, Pyrites, and Essays of Ores, it is 
evident that thefe articles ought to be read previoufly to this. 


E£TR£CTION of SULPHUR from PYRITES 

* ' * * 9 f ? er minerals. 


In order to obtain fulphur from pyrites, this tpineral 
ought to be expofed to a heat fuffieieot to fublime the fql* 
ohuf, or to make it diftjilj ija veffels, which mufi be clofe, 
to prevept its bqrnW. ' ^ 

sulphur is extradfed from pyrites at a \york qt §cbwrU 
xembergy in Saxony % iii the high country of fh^ ipiqe$ j and 
jn Bohemia , at ? place called 4 Jften-SatteL 

The furnaces employed for thjs operation are qblone, 
like vaulted galleries ; and in tj^e vaulted roofs are mad* 
feveral openings.* Thefe are called furnaces for extracting 

'fulpbter. ^ ShYlatz ft. Fig. 9. * 

In thefe furnaces are placed e$rthen-\yare tubes* filled 
with pyrites hrokeji jnto' pieces of the fize of final} nut$L 
Each of tfiefe tpbes contains abopf fifty pounds of pyrites. 
They are placed in the furpacc almofi apri&qntajjy, and 
have fcarceJy more' th^n an inch of defee^f* The ends, 
whiph coqip out of the furnace five or fix ipehes, become 
gradually narrower. tV}thin each is fixed 4 piece qf 
naked e£rfh, in foriq of fiar s a| tfie pjace lyfiefe it be- 
gins to become qarrqvyer, ip ord^r tq prevent the pyrites 
pom fallipg out, or pfip^king mputh of the tu^e. Tp 
each tube » fitted a receiver, covered with a leaden plate, 
pierced with q fnr\al ^ hplp to give air tp thp fif)phifr. The 
other end of the tube is exactly doled* A moderate fire is 
made with wood, and in eignt hours the fulph^f of the 
pyrites is found tq have pqfiea intq the receivers. 

The refiduum of tfie yyrijtes after ^he iif£}Uafion, is 
4 $awzi out at the large end, and frdh pyrites is put in it9 

place* 
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]!>]ace. From this refiduum, which is called burnings of 
fulphur , vitriol is extracted ; a$ we (hall prefently re’ ate. 

The eleven tubes into which were put, at three feveral 
diftillations, in all nine quintals, or 900 pounds of pyrites, 
yield from 100 to 150 pounds of crude fulphur, which is 
fo impure as to require to be purified by a iecond diftilla- 
tion. 

This purification of crude fulphur is alfo done in a fur- 
nace in form of a gallery, in which five iron cucurbits are 
arranged on each fide. Thefe cucurbits are placed in a 
(loping direction, and contain about eight quintals and a 
half of crude fulphur. To them are luted earthen tubes, 
fo difpofed as to anfwer the purpofe of capitals. The nofe 
of each of thefe tubes is inferted into an earthen pot, call- 
ed the fore-runner. This pot has three openings ; namely, 
that which receives the nofe of the tube ; a fecond final ler 
hole, which is left open to give air ; and a third in its lower 
part, which is flopped with a wooden peg. See Plate IL 
Fig . 10. 

When the preparations are made, a fire is lighted about 
feven o'clock in the evening, and is a little abated as foou 
as the fulphur begins to diftill. At three o’clock in th$ 
morning, the wooden pegs, which flop the lower holes of 
the fore-runners, are for the firft time drawn out, and 
the fulphur flows out of each of them into an earthen pot 
with two handles placed below for its reception. In this 
diftillation the fire muft be moderated and prudently con- 
duced j otherwife lefs fulphur would be obtained, and it 
alfo would be of a grey color, and not of the fine yellow 
which it ought to have when pure. The ordinary lofs in 
the purification of eight quintals of crude fulphur is, at 
moft, one quintal. 

When all the fulphur has flowed out, and has cooled a 
little in the earthen pots, it is cafl into moulds made of 
beech tree, which have been previoufly dipt in water, and 
fet to drain. As foon as the fulphur is cooled in the 
moulds, they are opened, and the cylinders of fulphur are 
taken out and put up in ca(ks. Thefe are called roll-brim - 
Jlone. 

As fulphur is not only in pyrites, but alfo in mod me- 
tallic minerals, it is evident that it might be obtained by 
works in the great from the different ores which contain 
much of it, and from which it muft be feparated previoufly 
to their fufion: but as fulphur is of little value, the trou- 
ble 
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He of coHe&ing it from ores is feldom taken. Smelters 
are generally fatisfied with freeing their ores from it, b 7 
txpoung them to a fire {Efficient to expel it This opera- 
tion is called torrefkBhn^ or roafiing of arts* 

There are, however, ores which contain fo much ful- 
phur,« that part of it is a&ually collected in the ordinary 
operation of roafiing, without much trouble for that pur- 
pofe. Such is the ore of Ratmijberg * in the country of 
H*rtx? 

This ore, which is of lead, containing filver, is partly , 
Very pure, and partly mixed yrith cupreous pyrites and ful- 
phur ; hence it is necefiary to roaft it. 

The roafiing is performed by laying alternate firata of 
, pre and wood upon each other in an open field, taking care 
So diminish the liae of the firata as they rife higher ; (o that 
the whole mats fiuU be a quadrangular pyramid truncated 
above, whofe bale is about thirty-one feet fquare. Below, 
fome paffages are left open, to give free entrance to the air; 
and the fides and top of the pyramid are covered over with 
finall ore, to concentrate the heat and make it lafi longer* 
In the center of this pyramid there is a channel, which 
defcends vertically from the top to the bafe. When all is 
properly arranged, ladle-fulls of red-hot fcoria from the 
fmelting furnace are thrown down the channel, by which 
means the girubs and wood, placed below for that purpofe, 
are kindled, and the fire is from them communicated to all 
the wood of the pile, which continues burning till the third 
day. At that time the fulphur of the mineral becomes ca- 
pable qf burning fpontaneoufly, and of continuing the fire 
after the wpp d is confumed. 

When this roafiing has been continued fifteen days, the 
mineral, becomes greafy, that is, it is covered over with a 
kind of varnifh : twenty pr twenty-five holes, or hollows, 
are then made in the upper part of the pile, in which the 
fulphur »s collided, Fropn thefe cavities the fulphur is 
taken -o^t thrice eveiy day, and thrown into water. This 
fulphur is not pure* but crude, and is therefore fent to the 
jxlanufa&urers of fiilpbtur to be purified in the manner 
above related. Se$ Plats II. Fig. if. and 12. 

As this ore of Ramelfberg is very fill phureous, the firft 
loading, which we are now aefcribing, lafts three months ; 
and during this time, if much rain<ha^not fallen, or if the 
operation has not failed by the pile falling down or crack- 
ing, by which the air has fo much free accefs, that the 

fulphur 
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fulphur is burnt and confumed, from ten to twenty quintals 
qf crude fulphur are by this method collected. 

The fulphur of this ore, like that of moft others, was 
formerly neglefted, tjll, in the year 1570, a perfon em- 
ployed in the mines, called Chriftopher oauder, discovered 
the method of colle&ing it, nearly as it is done at pre- 
fent. 

Metallic minerals are not the only fubftances from which 
fulphur is extra£led. This matter is diffufed in the earth 
in facb quantities, that the metals cannot abforb it all. 
Some fulphur is found quite pure, and in different forms, 
principally in the neighbourhood of volcanos, in caverns, 
and in mineral waters. Such are the opake kind called 
virgin fulphur , the tranfparent kind called fulphur of ^uito y 
and the native flowers of fulphur, as thofe of the waters of 
Aix-la-Chapelle. It is alfo found mixed with different 
parths. Here we may obferve, that all thofe kinds of ful- 
phur which are not mineralifcd by metallic fubftances, are 
found near volcanos, or hot mineral waters, and confe- 
quently in places where nature feems to have formed great 
fubtcrranean laboratories, in which fulphureous minerals 
may be analyfed and decompofed, and the fulphur fepa- 
rated, in the manner in which it is done in fmall in our 
works and laboratories. However that be, certainly one of 
the beft and moft famous fulphur mines in the world is that 
called Solfatara. The Abbe Nollet has publUhed, in the 
Memoirs of the Academy, fome interefting observations 
upon this fubjed, which we fhall here abridge. 

Near Puzzoli, in Italy, i$ that great ana famous mine 
of fulphur and alum called at prefent Solfatara. It is a 
fmall oval plain, the greateft diameter of which is about 
400 yards, railed about 300 yards aboye the level of the 
fea. It is furrounded by nigh hills and great rocks, which 
fall to pieces, and whofe fragments form very fteep banks. 
Almoft all the ground is bare and white, lixe marie, and 
is every where fenfibly warmer than the atmofphere in the 
greateft heat of fummer ; to that the feet of perfons walk- 
ing there are burnt through their fhoes. It is impoffible 
not to obferve the fulphur there ^ for every where may be 
perceived by the fmelf a fulphureous vapor, which rifos to 
a confidcjrable height, and gives reafon to believe that there 
is a fubterraneous fire below, from which that vapor pro- 
ceeds* 


Near 
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N wr the middle of this fidd thfere isakmd 6f bifon thrtd 
or four feet lower than the left of die piaur^ in Which 
a found may be pterceivfed when a perfbh Waite on ft, as if 
these were under his ket foriie great cavity, the rbof of 
which Was very thin. After that, the lake Aghiho is per- 
ceived, Whofe waters Item to RhI. Thfele Waters art 
indeed hot, but not fo hbt & bbfilmg Water. This kind 
of ebullition proceeds frofcn vapors which rife frorfi the 
bottom of the lake, Which befog fet in motion by the adiioh 
of fubterranean Arts, have force endugh to raife all that 
mafs of water. Near this lake there are pits, not very 
deep, frdta Which fulphureous vapors are exhul&i. Pfer- 
fens who have the itch, come tb thefe pits, and receive the 
vapors m order t6 be eiired. Finally, there ape Fotaie deepet 
excavations, whence a foft ftonc is procured which yields 
fnlphur. From thefe cavities vapors ekhale, and ifliie out 
with noHe, and which are nothing elfe than fulphur fub- 
liming through the crevices. This fulphur adheres to thfc 
fides of the rocks, where it forms enormous maffes : ill 
calm weather the vapors may be evidently feeh to rife 25 or 
30 feet from the furface Of the earth. 

Thefe vapors, attaching themfelves to the fldes of rocks, 
form enormous groups of fulphur, which fometimes fall 
down by their own weight, and render thefe places of dan- 
gerous accefs. 

In entering the Solfatara, there are wfcrehoufes and build- 
ings ere&ed for the refining of fiilphur. 

Under a great feted, or hdtlgar, fupported by a wan 
behind, open On the other three fide*, the fulphur is pro- 
cured by diftillation from rife ibft ftohes We mentioned 
above. Thefe Hones are dug frtUn under ground ; and 
thofe which lie on the furface OF the earth are negle&ed. 
Thefe laft are, however, covered with a fiilphur ready 
formed, and of a yellow color : but the workmen fay they 
have loft their Strength, and that the fulphur obtained from 
them is not of 10 good a quality as the fulphur ob tained from 
the ftones which are dug out of the ground. 

Thefe laft mentioned ftones are broken in lumps, and put 
into pots of earthen ware, containing each about twenty 
pints, Paris meafure. The mouths of thefe pots are a* 
wide as their bottoms 5 but their bellies, or middle parts, 
are wider. They are covered with a lid of the fame earth, 
well luted, and are arranged in two parallel lines along 
two brick walls, which form the two fides of a furnace* 
The pots are placed within thefe walls ; fo that the center 

of 
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of each -pot is in the center of the thicknefs of the warf 
and that one end of the pots overhangs the wall with in y 
while the other end overhangs the wall without* In each 
furnace ten of thefe. pots are placed; that is, five in each 
of the two walls which form the two fides of the furnace. 
Betwixt thefe walls there is a fpace of fifteen or eighteen 
inches; which fpace is covered by a vault retting on the 
two walls. The whole forms a nirnace feven feet longy 
two feet and a half high, open at one end, and (hut at the 
other, excepting a unall chimney, through which the 
fmoke pafies. 

Each of thefe pots has a mouth in its upper part without 
the furnace, in order to admit a tube of eighteen lines in 
diameter and a foot in length, which communicates with 
another pot of the fame fize placed without the building, 
and pierced with a round hole in its bafe of fifteen or eigh- 
teen lines diameter. Laftly, to each of thefe laft mentioned 
pots there is a wooden tub placed below, in a bench made 
ior that purpofe. 

Four or five of thefe furnaces are built under one hangar 
or fhed. Fires are kindled in each of them at the fame time ; 
-rnd they are thrown down after each diftillation, either that 
the pots may be renewed, or that the refiduums may be 
more eafily taken out. 

The lire being kindled in the furnace, heat? the firft pots 
containing the fulphureous ftones. The fulphur rifes in 
fumes into the upper part of the pot, whence it pafies 
through the pipe of communication into the external veflel. 
There the vapors are condenfed, become liquid, and flow 
through the hole below into the tub, from which the ful- 
phur is eafily turned out, becaufe the form of the veflel 
is* that of a truncated cone, whofe narrower end is placed 
below, and becaufe the hoops of the tub are fo fattened that 
they may be occafionally loofened. The mafs of fulphur 
is then carried to the ouiiJings mentioned before, where 
it is remelted for its purification, and catt into rolls, fuch 
as we receive it. 

EXTRACTION of VITRIOL from PYRITfcS. 

Sulphur is not the only fuhftance procured from pyrites ; 
for beftdes that, different kinds of vitriols and alum, ac- 
cording to the nature of pyrites, are alfo extradled : fo that 
pyrites may be confidercd as the ores of vitriols and alum as 
*ell as of fulphur: 

Thefe 
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Thcfc falts do not exift in the pyrites ready formed, as the 
fiilphur does ; but are, on the contrary, the produfts of the 
decompofition of pyrites, and are new combinations refult- 
ing from this decompofition. In the pale-yellow martial 
pyrites, this decompofition is eflfefted without any other 
means than by expofure to moifture and air, and by the 
re-aftion of the fulphureeus principle upon the iron which 
the pyrites contains, and with which the acid of the 
fiilphur forms martial vitriol, a9 we may fee under the 
article Pyrites. When the vitriol of this pyrites is to be 
extrafted, this mineral is to be laid in a large heap three 
feet thick, and expofed to the air during three years, till it? 
has entirely fallen into powder ; and it is then to be ftirred 
up every fix months, to accelerate the efflorefcence. The 
rain-water, which has waihed it, is to be condufted into 
caldrons, into which old iron is thrown to faturate the fu- 
perfluous acid. After this fucceeds the evaporation and 
cryftallization. 

It is not peceffary that the pyrites fhould fall into efflo- 
refcence for the extraction of vitriol. The aft ion of the 
fire which decompofes one part of the fulphur produces the 
fame effeft. Thus, in the works at Schwartzemberg in 
Upper Saxony, the vitriol is extrafted, by lixiviating the 
pyrites after the diftiliation of the fulphur, which is called 
in fome works, as we have before faid, the burnings of ful- 
piirr, and which are in this work called fulphur -brands. 
This operation confifts in impregnating well the lixivium 
with vitriol, by pouring it upon frefh parcels of thefe ful- 
phur-brands, which is called doubling the lixivium : then it is 
evaporated in a leaden caldron, called the fulphur- caldron ; 
and afterwards it is cryftallized in a wooden veflel. The 
fulphur-brands, from wnich vitriol has been extrafted, are 
not thereby exhaufted ; but they are expofed to the open air 
for two years, and are then again lixiviated for the extrac- 
tion of more vitriol. 

Vitriol is alfo made at G/jw, in Upper Saxony. The 
difference betwixt the method employed there and at 
Schwartzemberg, is, that at Geyer the pyrites has not been 
ufed for the extraftion of fulpnur by diftiliation, but ha* 
been roafted fifteen days, and afterwards lixiviated. The 
lixivium is evaporated in leaden caldrons, and afterwards 
put in (hallow tubs called coolers, where it depofites a 
yellow mud. The evaporation and depuration of this lixi- 
vium lafts twenty-four hours, and then the liquor is put 
into tubs to cryftallize. 

The 
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The pyrites, which has been roafted and lixiviated once 
at Geyer, is not thereby exhaufted - y but is made to undergo 
the fame operation four or five times, by which it furnifhes 
more vitriol. The yellow mud which is depofited from the 
lixiviuth is fold, as a coloring material, to painters, after 
it has been calcined to rednefs. 

Nature furnifhes a vitriol ready formed in fome mineral 
earths, to obtain which vitriol, nothing but lixiviation is 
ncceflary. Such is that vitriol obtained at Cremnitz, 
where there is a rich ore of gold. The vitriol is there 
extracted merely for the purpofe of preparing aqua-fortis, 
which is necefiary in the operation for parting the gold 
contained in that ore. In the neighbourhood of Cremnitz, 
a foft rock and clay are found, containing vitriol, and 
which furnifh it by means of lixiviation. 

To this kind of vitriol ready formed may be referred that 
obtained at Collar by the lixiviation of a mineral earth, 
compofed of particles of different ores, found in the gal- 
leries of the mine at Ramellberg, of which we have already 
fpoken. The workmen call this fubftance the fmokc of 
copper . It requires lixiviation only to furnifh vitriol. It 
is true, that by the wood-fires made in thefe galleries 
to calcine the rocks, the metallic matters may be dif- 
engaged, and a part of the fulphur burnt, the acid of 

which, mixing with the fubterrancan waters, diffolves all 

the metallic matters it meets, and forms all kinds of 

vitriols. Neverthelefs, fome of thefe vitriolic waters, and 

even fome cryftallized vitriols, are found in thefe galleries, 
where no fire is ever made. The Germans call all thefe 
vitriols by the general name Joekels. Some vitriols are 
alfo found not cryftallized, but forming various colored 
ftones, which furnifh vitriol by lixiviation. They are 
called ink-Jlones . What is called mify is a yellow, Alining, 
vitriolic (lone or earth, found in the fame places. 

To return to the fubftance called fmoke of copper, 
whence the martial vitriol is extracted at Goflar; feveral 
lixiviums are made of it, by pouring the fame water upon 
different parcels of it : it is then made to evaporate, to 
depofite its fediment, and to cryftallize, as we have already 
laid. The firft water is called the wild Icy . The feveral 
veflels employed at Gofiar are named from their feveral ufes, 
as the wojhing tub y mud tub , &c. 

This fubftance remaining after the lixiviation of this 
fmoke of copper, is a kind of ore not entirely deprived of 
metallic fubftances. The workmen call the fineft part of it 

friall 
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frail vitriol, and the larger pieces they cal! fronts, or her nth 
if vitriol . Both thefe are carried to the fmelting houfes to 
oe roafted and melted with the Kammelfberg ore, that the 
lead and filver, which they contain, as well as that ore, 
may be extra&ed. 

A white vitriol, whofe bafis is zinc, is alfo procured at 
Goflar from the fame Rammeliberg ore. This vitriol was 
difcovered in the year 1570 by the Duke Julian, who called 
i talum of the mint. At prefent it is known by the names, 
white vitriol , vitriol of zinc , Goflar vitriol. 

To make this vitriol, the ore of Rammeliberg, contain-* 
ing lead and filver, having been previoufly roafted for the 
obtaining of fulphur, as we have already aefcribed, under- 
goes the fame operations which are pra&ifed for the prepara- 
tion of martial vitriol, excepting the formation of large 
cryftals, which is here purpofely prevented, by liquefying 
the vitriol after it is formed in copper caldrons. This 
liquefa&ion is effe&ed by means of the water retained in the 
cryftallization of the vitriol. While the vitriol is liquefied, 
a part of the moifture is evaporated, and women employed 
in this work keep ftirring it till it has acquired the requifite 
confiftence. By this ftirring, it is divided into very fine 
cryftalline particles, and it acquires the whitenefs of the 
fineft fugar ; a quality which makes it faleable, and which 
is procured by the means above related, and by carefully 
making it depofite the ferruginous matter with which them 
lixiviums are always impregnated. 

As to the blue vitriol, or vitriol of copper, it is extracted 
from the cupreous pyrites, or even from fulphureous copper 
ores, by the operations already mentioned. Frequently 
the ferruginous pyrites and minerals alfo contain copper : 
and therefore the vitriol extra&ed from them is half martiaji 
and half cupreous, and is of a fea-green color. 

EXTRACTION of ALUM from PYRITOUS 
SUBSTANCES and from ALUMINOUS 
EARTHS. 

One part of the unmetallic earth which is always in 
pyrites, and in other metallic and fulphureous minerals, is 
fometimes of that kind of earths which are ioluble in aculs, 
and particularly of the nature of that earth which is the bafts 
of alum. * % 

When the pyrites contains fome of this kind of earth, 
the acid of its iulphur being difen gaged’either by the efflo- 
V 02.* III. G refeenqq 
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refcence of the pyrites, or by its calcination and com* 
bullion, ought to unite itfclf as readily, and even more fo, 
to this earth than to the metals contained in the fame pyrites, 
and form a true alum : accordingly fo it happens, and alum 
is extra&ed from pyrites or other fulphureous minerals 
containing this earth, by procefles fimilar to thofe employed 
for the extraction of vitriols. 

In England, a pyritous, flate-colored, fulphureous Hone 
is found, from which alum is extracted by torrcfadlion and 
iixiviation ; but to this lixivium a certain quantity of foflile 
alkali, diifolved in water, is generally added. 

The Swedes have a Arming pyrites of a golden color, 
and fpeckled with ill very fpots, from which they extract 
lulphur, vitriol, and alum. Sulphur and vitriol are ex- 
tracted from it by the methods wc have deferibed ; and 
when the lixivium yields no more cryltals of vitriol, an 
eighth part of putrefied urine and lixivium of wood-aftics 
is added, by which a martial earth is precipitated : the 
liquor being poured off, cryltals of alum are obtained by 
evaporation. 

Finally, it appears that in general, when alum is to be 
extracted from fulphureous and metallic minerals, fine and 
pure cryftals cannot be without fome difficulty obtained. 
It is almoft always neceflary to have recourfe to fome addi- 
tions of alkaline matters, fuch as quicklime, and fixed or 
volatile alkaline falts. 

Thefe difficulties proceed partly from this, that different 
kinds cf falts are formed at the fame time by the decompo- 
fition of thefe minerals ; and that thefe falts are cryftaliized 
by nearly the fame degrees of evaporation and cold : hence 
a confulion of falts mull necefl'arily follow : and hence we 
do not find many of the vitriols, extracted from fuch 
minerals, perfectly pure and free from alum, or from vitriolic 
falts with earthy bafes fimilar to alum. The fait of colcothar 
and the gilla vitrioli are nothing elfe than thefe foreign 
falts. On the other hand, the alum which is extracted 
from metallic minerals contains almoft always fome vitriol^ 
and particularly martial vitriol, (i) 

But there are unmctaliic earths and ftones which contain, 
alum, or its materials, ready formed. Such is that earth 

(I) From Mr. Margraaf’s experiments, an addition of fome 
alkaline fubflance feems to be always neceflary to the formation 
•f large cryltals of alum, however free the lixivium is from the 
mixture of vitriols or other falts. Sgg a note fubjoined to the article 
Alum (Roman). 

whence 
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whence alum is extra &ed at Solfatara. This mmeral i'» 
an earth fimilar to marie in confiftence afid color. It is 
gathered in the plain, and in the weftem part of the Sol* 
fatara. It is put into leaden caldrons two feet and a half 
in diameter, ahd as much in depth, till thefe veflels be three 
quarters full. The caldrons are funk fo as to be almoft 
level with the ground, under a great hangar or filed, at a 
diftance of four hundred paces from the fulphur furnaces. 
Into each caldron water is poured till it rife three or four 
inches above the mineral. The heat of the ground in thte 
place is fufficient to warm the matter, as it makes Mr. 
Reaumur's thermometer rife to degrees above the freez* 
ing point. By this means, without the expence of wood, 
the faline part is feparated from the earthy, and is obtained 
in large cryftals. 

Alum in this Hate is ftill mixed with many impurities, 
and is carried to the building at the entry of the Solfatara, 
Where it is diflolved by hot water in a great ftone veflel in 
form of a funnel. The purification of alum may be made 
fo much more advantageoufly in this place, as no wood & 
neceflary, the natural heat of the place being fufficient for 
theprocefs. 

To this kind of natural aluirf may be referred that which 
is obtained merely by evaporation from fome mineral waters ; 
and alfo the Roman alum which is obtained from a kind 
of free-ftone, although a calcination during twelve or four- 
teen hours, and an expofition to the air till it falls into 
effiorefcence be neceflary. This ftone is not pyritous,* but 
rather of the marie kind : therefore its effiorefcence is pro- 
bably nothing more than an extin&ion, and differs eflen- 
tially from the effiorefcence of pyrites. 

Such are the procefles by which fulphur, vitriol, and alum 
are obtained from minerals containing thefe fubftances. 

Thefe minerals contain a great quantity of vitriolic acid, 
which chemifts can feparate from them $ and they are, as it 
were, the grant} magazines where nature depofites this 
acid, which is always found combined, as we have feenj 
with fome fubftance or bafis. 

SMELTING of ORES in general. 

As ores confift of metallic matters combined with fill*- 
pbur and arfenic, and are befideS intermixed with earthy 
and ftony fubftances of all kinds, the intention of all the 
operations upon thefe compound bodies is to feparate thefe 
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different fubftanccs from each other. This is dfcfled by 
feveral operation's founded on the known properties of thole 
fubflanccs. We now proceed to give a general idea of thefe 
leveral operations. 

Firft of all, the ore is to be feparatcJ from the earths and 
Hones accidentally adherent to it ^ and when thefe foreign 
fubftances are in large m a fils, and are not very intimately 
mixed in linall particles with the ore, this reparation may 
be accomplifhed by mechanical means. T his ought always 
to be the tirfl operation, unlels the adherent fubflanec be 
capable of lerving as a dux to the ore. if the unmetail ic 
earths be intimately mixed with the ore, this mull ncccf- 
farily be broken and divided into fmall particles. This; 
operation is performed by a machine which moves pellles^ 
called bocards, or Hampers. After this (operation, when 
the parts of the mineral arc fpccihcally heavier than thofe of 
the unmetail ic earth or flone, thefe latter may be feparated 
from the ore by walhing in canals through which water 
flows. With regard to this walhing of ores, it is neceflarv 
to obferve, that it cannot fucceed but when the ore is fenflbly 
heavier than the foreign matters. But the contrary happens 
frequently, as well becaufc Quartz and fpar are naturally 
very ponderous, as becaufe the metallic matter is proportion- 
ably fo much lighter as it is combined with more fulphur. 

When an ore happens to be of this kind, it is neceflary 
to begin by roafting it, in order to deprive it of the greatelt 
part of its fulphur. 

It happens frequently that the pvritous matters accom- 
panying the ore are fo hard that they can lcarcel y be 
pounded. In this cafe it is neceflary to roafl it entirely, or 
partly, and to throw it red-hot into cold water ; by which 
the Hones are fplit, and rendered much more capable of 
being pulvcrifcd. 

Thus it happens very frequently, that roafling is the 
firfl operation to which an ore is expoild. 

When the fnbirance of the ore is very fuftble, this flrfb 
operation may be difpenlld with, and the matter mav be 
immediately fulld, without any previous roafling, or at \c:w\ 
with n very flight one. For, to ' filet this fulion, it is 
neceflary chat it retain a great quail r irv of ns fulphur, 
which, with the other fluxes add 'd, i’Iiv:* to deflroy or 
convert into Ilona a coniidcrable Da. : of the flony matter 
of the mineral, and to reduce th • r. it into a brittle iub- 
i\ ance, which is called the mat: ;/ ..v/, or of copper , or 

metal ccnta.ntd in the ore. I nis mau is then for * 
4 an 
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'-T.il and the metal ; 

. J mixed with lefs 
But as this matt is 
xh it contains cannot 
t eiore it muft be roafted 
uir, before it is remeited. 
This fufion of an ore not 
, is called crude fufion . 

.1 the fubjedt of wafhing and 
ic is heavier than fulphur, and 
metals, the ores ia which it 
v heavy, and confequently are 
t d, which is a great advantage. 

arfenic is capable of volatilifing, 
i ng many metals, thefe ores have 
roalting and fufion, in both which 
cauied by the arfenic. Some ores con- 
. other volatile femi-metals, fuch as an~ 
Thefe are almoft untradbble, and are 
: .ui. They are called miner a r apace s , rapa- 

inctal has been freed as much as Is poffible 
i matters by thefe preliminary operations, it 
- ompleatl.y purified by fufions more or lefs fre- 
/epeated; in which proper additions are made, 
abforb the reft *of the fulphur and arfenic, or to 
-T die vitrification or fcorification of the unmetallic 
earth. 

By, as ores frequently contain feveral different metals, 
arc to be feparated from each other by procefles fuited 
me properties of thefe metals, of which we fhall fpeak 
ore particularly as we proceed in our examination of the 
-res of each mexaL (m) 

OPERA- 

(m) To fiuriiitsrte the extra&ion of metallic fubftances from the 
ores and minerals containing them, fome operations previous to 
the fufion or fracking of thefe ores and minerals are generally 
neceflary. Thefe operations confifi of, l. The fipeuration of the 
ores and metallic matters from the adhering unmetallic earths 
and ftones, by hammers, and other mechanical inflruraents ; 
and by wafhing with water. 2. Their dwifim or reduction into 
finaller parts by contufion and trituration, that by another wag- 
ing with water they may be more perfe&ly cleanfed from extra- - 
neous matters, and rendered fitter for the fubfequent operations, 
calcination or roalting, and fufion. 3. Roofing or calcination , 
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OPERATIONS on ORES of NATIVE GOLD 
end SILVER, by WASHING and by MER- 
CURY. 

Earths and fand arc at firft feparated by wafhing with 
vater, by which operation the greateft part of what is not 

'gold, 

the ufes of which operation are, to expel the volatile, ufelefs, 
or noxious fubftances, as water, vitriolic acid, fulphur, and 
arfenic ; to render the ore more friable and fitter for the fubfequent 
eontufion and fufion ; and, laftly, to calcine and dcflroy the viler 
metals ; for inllance, the iron of copper-ores, by means of the 
fire, and of the fulphur and arfenic. Stones, as quartz, and 
flints, containing meta’lic veins or particles, are frequently made 
red-hot, and then extinguifhed in cold water, that they may be 
rendered futficiently liable and pulverable, to allow the fepara- 
tkm of the metallic particles. 

Roailing is unneceffary for native metals ; for fomc of the 
richer gold and filver ores ; for fome lead-ores, the fulphur of 
wh : ch indy be feparated during the fufion ; and for many calci- 
form ores, as thefe do not generally contain any fulphur and 
arfenic. 

In the roxfting of ores, the following attentions mufl be given, 
i. To reduce the mineral previoufiy into frnall lumps, that the 
furface may be encreafed ; but they mufl not be fo frnall, nor 
placed fo compa&ly, as to prevent the paffage of the air and 
flatr.e. 2. The larger pieces mull be placed at the bottom of the 
pile, where the greateft heat is. 3. The heat mull be gradually 
applied, that the fulphur may not be melted, which would 
greatly retard its expulilon ; and that the fparr, fluers, and 
jlones, intermixed with the ore, may not crack, fly and be 
difperfed. 4. The ores not thoroughly roafled by one operation 
mull be expoled to a fecond. 5. r J he fro may be encreafed to- 
wards the end, that the noxious nvmeis more llrongly adhering 
may be expelled. 6. Fuel which yields much flame, as weed and 
Refill coals free from fulphur, is fa id to be preferable to charcoal 
or coaks. Sometimes cold water h thrown on the calcined ore at 
the end of the operation, while the ere is yet hot, to render it 
more friable. 

No general rule can be given concerning the duration or de- 
gree of the fire, thefe being very various according to the diffe- 
rence of the ores. A roafting during a few hours or days is fuffi- 
cient for many ores ; while fome, fuch as the ore of Rammeifberg, 
require that it ihould be continued during fcveral months. 

Schlutter enumerates five methods of rolling ores. j. By 
confirming a pile of ores and fuel placed in alternate flrata, in 
the open air, without any furnace. Sc* Plate II. Fig. 11 .and 
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gold, being lighter, i$ carried off. After this 3 feeond 
wafhkig is made with mercury, which having the property 

of 

fig. 1*. £• By confining fuch a pile within walls, but with- 

out a roof. %. By placing the pile under a roof, without 
literal walls. 4^ By placing the pile in a furnace confiding of 
walls and a roof. 5. By reading the ore in a reverberatory 
furnace, in which it mud be continually dirred with an iron-rod. 

Several kinds of fufions of orts m ay be diftinguifhed. 1. When 
a fulphureous ore is mixed with much earthy matter, from which 
It cannot be eafily feparated, by mechanical operations, it is fre- 
quently melted, in order to difengage it from thefe earthy matters, 
and to concentrate its metallic contents. By this fufion, fome of 
the ful ph or is diifipated, and the ore is reduced to a date inter- 
mediate betwixt that of ore and of metal. It is then called a matt 
{Upis fulpbwreo-mt alliens ), and is to be afterwards treated like a 
pure ore by the feeond kind of fufion, which is properly the 
jwultingi or extraction of the metal by fufion . 2. By this fufion or 

fmeiting, the metal is extracted from the ore previoufiy prepared 
by the above operations, if thefe be neceffary. The ores of fome 
very fufible metals, as of bifmuth, may be fmcltcd by applying 
a heat diffident only to melt the metals, which are thereby fepa- 
rated from the adhering extraneous matters. This reparation of 
metals by fufion, without the vitrification of extraneous matters, 
may be called eliquation. Generally, a compleat fufion of the 
ore and vitrification of the earthy matters are neceffary for the 
perfect feparation of the contained metals. By this method, 
metals are obtained from their ores, fometimes pure, and fome- 
times mixed with other metallic fubdances, from which they 
mud be afterwards feparated ; as we (hall fee, when we treat of 
the extraction of particular metals. To procure this feparation of 
metals from ores, thefe mud be fo thinly liquefied, that the fmall 
metallic particles may difengage themfelves from the fcoria; but 
it mud not be be fo thin as to allow the metal to precipitate 
before it be perfedly difengaged from any adhering extraneous 
matter, or to pervade and aeftroy the containing veffels and 
furoace. Some ores are diffidently fufible ; but others require 
certain additions called fluxes , to promote their fufion, and the 
vitrification of their unmetallic parts ; and alfo to render the fcoria 
fufficiently thin to allow the feparation of the metallic particles. 

Different fluxes are fuitable to different ores, according to the 
quality of the ore, and of the matrix, or done adherent to it. 

The matrixes of two different ores of the fame metal frequently 
ferve as fluxes to each other ; as, for indance, an argillaceous 
matrix with one that is calcareous ; thefe two earths being dif- 
pofed to vitrification when mixed, though each of them is fingly 
im fufible. For this reafou, two or more different ores to be 
fmelted are frequently mixed together. 
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of uniting with gold, feizcs this metal, amalgamates with 
it, and feparates it exactly from the earthy matters, with 
all which it can form no union. 

The 

The ores alfo of different metals require different fluxes. Thus 
calcareous earth is found, to be beft fuited to irOn-ores, and (pars 
and fcoria to fafible ores of copper. 

The fluxes moft frequently employed in the faulting of ores 
are calcareous earth, fluors or vitreous fpars, quartz and fa r.d, 
fufible flones, *as flates, bafaltes, the leveral kinds of fcoria, and 
pyrites. 

Calcareous earth is ufed to facilitate the fuflon of ores of iron, 
and of fome of the poorer cres of copper, and, in general, of 
ores mixed with argillaceous earths, or with feltfpar. This earth 
has been fometimes added with a view of feparating the fulphur, 
to which it very readily unites: but by this union, the fulphur 
is detained, and a hepar is formed, which readily diflolves iron 
and other metals, and fo firmly adheres to them, that they can- 
not be feparated without more difficulty than they could from the 
original ore. r J his addition is therefore not to be made till the 
fulphur be previoufly well expelled. 

Fluors or fujible /pars facilitate the fufion of moll: metallic mi- 
nerals, and alio of calcareous ar.d argillaceous earths, of rtea- 
tites, afoeflus, and of fome other unfuliblc Hones, but not ot 
iiiiceous earths without a mixture o' calcareous earth. 

l^uartz is fometimes added in the lesion of ferruginous copper 
ores, the ufe of which is faid chiefly to be, to enable the ore 
to receive a greater heat, and to give a more peifccc vitrilicaucr. 
to the ferruginous fcoria. 

The fn/tle /ones, or fates, bafaliesy are fo tenacious and 
thick whin fukd, that they cannot be couiidered properly a* 
fluxes, but as matters added to lcfl'en the too great liquidity of 
fome very fuflble minerals. 

The fcoria ob ained in the fufion of an ore is frequently ufcful 
to fatilitare the fufion of an ore of the fame metal, and fome- 
times even of ores of other metals. 

Sulphurated pyrites greatly promote the fufibility cf the fcoria 
cf inerads, from the fulphur it contains. It is chiefly added to 
diillcuitly fuiible copper ores, to form the fulphureous compounds 
called mattsy that the ores thus brought into fufion may be fepa- 
rr. red from the adhering earthy matters, and that the ferrugi- 
nous matter contained in them may be dcliroyed, during the 
fubfequent calcination and fuf.on, by means of the fulphur. 

As in the ores called calcifonn, the metallic matter exifts in a 
ca'clnecJ ftate ; and as calcination reduces the metals of rr.inera- 
lifed ores (excepting the perfect metals) to that Hate alio ; there- 
fore ail cakiform ar.d calcined ores require the addition of fome 
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The mercury thus charged with gold is prefied through 
fliamoy leather, and the gold is retained united with a part 
of the mercury, from which it may be eafily difengaged 
by expofure to a proper degree of heat, which diffipates and 
evaporates the mercury, while the gold, being fixed, re- 
mains. 

This is the foundation of all the operations by which gold 
is obtained from the rich mines of Peru belonging to the 
Spaniards. Theie operations confift in wafhings, tritura- 
tions, and amalgams in the great, by help of machines. We 
Hull not enter into thefe details, becaufe they rather belong 
to mechanics than to chemiftry. They who are defirous to 
know them, may confult a work written by Alonzo Barba 
on this fubjed. 

The ores of native filver are much rarer and lefs abundant 
than thofe of gold. But if any of this kind were found 
fufficiently rich, they might be treated with mercury ex- 
adly in the fame manner as the ores of native gold, (n) 

SMELT- 

tnfutmmable fuhfttnce to reduce them to a metallic (late. In great 
works, the charcoal or other fuel ufed to maintain the fire pro- 
duces alfo this effed. 

Metals are fometimes added in the fufion of ores of other more 
raluable metals, to abforb from thefe fulphur or arfenic. Thus 
iron is added to fulphurated cupreous and filver ores. Metals 
are alfo added in the fufion of ores of other more valuable metals, 
to unite with and colled the fmall particles of thefe difperfed 
through much earthy matter, and thus to aflift their precipitation. 
With thefe intentions, lead is frequently added to ores and 
minerals containing gold, filver, or copper. 

Ores of metals are alfo fometimes added to affift the precipitation 
of more valuable metals. Thus antimony is frequently added 
to aflid the precipitation of gold intermixed with other metallic 
matters. See purification of gold ly antimony , Thus far of fmelt- 
ing of ores in general. 

fn) Gold is frequently contained in the ores of other metals, 
either in a native or mineralifed flate, and in fands, efpecially 
thofe which are black and ferruginous. See Ores of Gold. 

If gold be contained in ores of other metals , thefe metals together 
with the gold may be firll extraded by the ordinary procefles for 
(melting thefe ores; and the gold may be then feparated from tie 
metallic mafs thus obtained, by mixing and fufing this mafs with 
a quantity of lead, and by the procefs of cupellation, deferibed 
in the articles Essay of the Value ^Silver, and Refining. 
Generally, the operations for obtaining gold from ores of imper- 
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SMELTING of ORES of SILVER. 

As filver, even in its proper ores, is always allayed with 
fome other metals from which it is intended to be fcparated, 
after that the filver ore has been well roafted, it muft be 
mixed with a greater or lefs quantity of lead previous to its 
fufion. 

Lead has the Came effect in fufion of gold and filver as 
mercury has upon thefe metals by its natural fluidity; that 
is to fay, it unites with them, and feparates them from 
unmetallic matters, which, being lighter, rife always to 
the furface. But lead has the further advantage of pro- 
curing, by its own vitrification, that of all metallic lub- 
ihinces, excepting geld and filver. Hence it follows, that 
when gold and filver are obtained by means of mercury, 
they {till remain allayed with other metallic fubftances ; 
whereas when they are obtained by fufion and fcorification 
with lead, they are then pure, and are not allayed with ajiy 
metals, but with each other. 

In proportion as the lead, which has been united to the 
gold and filver of the ore, is fccrilied by the action of the 
lire, and promotes the fcorification of the other metallic 

matters, 

rr.etals are precifely the fame as thofe for obtaining filver, to 
which therefore we refer. Moft frequently a quantity of filver 
alfo is contained in thefe ores ; and in this cafe the perfect metal 
obtained by appellation is an allay of gold and filver, which 
nuft be afterwards fepa rated by the procefifes called parting. See 
Parting. 

Many trials have been made to procure the fmall quantity of 
gold contained in the ferruginous jauds % at a moderate expence 
(Ses O r t* s of Gold) ; but as no work of this kind is now efta- 
biifncd, we may prefume they have rot been fuccefsful. The 
bell efifays of tins kind have been made, according to Schlutter, 
in the following manner. 

The fnnd is to be made red-hot, and extirguifhed in cold water 
four times, by which its color is changed from the original yel- 
low, red, or bl.uk, to a reedifh brown. It is cbferved to emit, 
during the f.rft and feccnd calcinations, an arfenical fmell ; and 
this lnrc-li may be produ;e*i again in the following calcinations by 
adding ionic int! amnia b.e matter. Let an ounce of the calcined 
land be mixed with two ounces of granulated lead, and one 
ounce of blark flux, and put into a Hefiian crucible, with half 
an ounce of decrepitated fea-falt upon the furface of the mixture. 
The crucible is to be placed in a good blail furnace, and a 
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Batters, it feparates the perfed metals, and carries with it 
all the others to the furface. There it meets the unmetal) ic 
fubftances, which it likewife vitrifies, and which it changes 
into a perfed fcoria, fluid, and fuch as a fcoria ought 
to be to admit all the perfect metal contained in ic to preci- 
pitate. 

When 3II the heterogeneous matters have been thus difen- 
gaged by fcorification with lead, the perfect metals, to 
which fome lead ftill remains united, are to be further 
purified by the ordinary operation of the cupel. 

The common rule for the fufion and fcorification of filver 
ore with lead, is to add to the ore a quantity of lead fo 
much greater as there is more matter to be fcorified, and as 
thefe matters are more refradory and of more difficult fufion. 
Silver ores, or thofe treated as fuch, are often rendered 
refradory by ferruginous earths, pyritous matters, or 
cobalts, containing always a confiderable quantity of an 
earth which is unmetallic, very fubtle, and very refradory, 
and which renders a confiderable augmentation of the quan- 
tity of lead neceffary. 

The quantity of lead which is commonly added to 
fufible filver-ores, that do not contain lead, is eight times 

ftreng fire is to be excited. The matter contained in the cru«* 
cible is to be frequently ftirred with an iron-rod, and the heat 
is to be continued till the fcoria is thin and perfectly fufed. 
When the crucible is broken, a regulus of lead will be found, 
containing the gold and filver of the fand. By this method Mr. 
Ireberecht obtained, in eleven effays, from 840 to 844 grains of 
perfed metal from a quintal of fand. Of the perfed metal ob- 
tained, from a fourth to a third part was gold. Some parcels of 
land have yielded more than a thoufand grains, and fome not 
more than ^50 grains per quintal. Inftead of the granulated 
lead, a^d the black flux, which is too expenfive for great opera- 
tions, fome have added, to an ounce of the fand, two ounces of 
litharge and a little powder of charcoal, by which they have ob- 
uined the fame quantity of perfed metal. The fcoria in thefe 
effays has been always found to contain fome perfed metal. 

The Hungarian copper ores, from which gold and filver are 
profitably extraded, contain a lefs quantity of thefe perfed metals 
than many ferruginous lands. But they may be formed into a 
matt, by fufion with pyriies, of which treatment the fands are 
incapable. From this matt, the gold and filver, along with the ' 
topper of the ore, may be precipitated, and feparated from the 
lulphur of the pyrites, by addition of iron, which being more 
djfpofed than the other metals to unite with fulphur, difengages 
thefe metals, and allows them to precipitate* 

the 
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'■he quantity of the ore. Bat when the ore is refm&ory, 
i is fiecefiary to acid twelve times the quantity of lead, and 
ven more ; alfo glafs of lead, and fluxes, fuch as the white 
<nd black fluxes ; to which however borax and powder of 
harcoal are preferable, on account of the liver of fulphur 
armed by thefe alkaline fluxes. 

It is neceflary to obferve, that faline flaxes are only ufed 
in fmall operations, on account of their dearnefs. To 
hefe are fubftituted, in the great operations, of which wc 
now treat, fandiver, fufible fcoria, and other matters of 
ttle value. 

The greateft part of the filver now employed in com- 
merce is not obtained from the proper ores of filver, which 
re very fcarce, but from lead, and even copper ores, which 
are more or lefs rich in filver. To give an idea of the 
manner of treating thefe kinds of ores, from which filver 
is extradted in the great works, we (hall briefly deferibe 
here, after Schlatter, the (melting of the ore of Rs^nmelf- 
berg, which contains, as we have already faid, feveral dif- 
ferent kinds of metals, but particularly lead and filver. 

When this mineral has been difengaged from its fulphur 
as much as poflible, by three very long roaftings, it is 
melted in the Lower Hartz in Saxony, in a particular kind 
of furnace, called a furnace for fmelting upon a hollow or 
cnjfe. See Plate II. Ft g. 13. The mafonry of this furnace 
is compofed of large, thick dates, capable of fuftaining 
rcat heat, and cemented together by clay. The interior 
art of the furnace is three feet and a half long, and two 
feet bread at the back part, and one foot only the front, 
ts height. is nine feet eight inches. It has a foundation of 
mafonry in the ground; and in this foundation channels 
re made for the evaporation of the moifture. Thefe 
hannels are covered over with ftones called covering Jlones . 
The hollow or caffe, which is made above thefe, is formed 
t bricks, upon which are placed, firft, a bed of clay 5 
then a bed of fmall ore and lifted vitriols; and, laftly, a 
bed of charcoal-powder beat down, called light brafque. 
The anterior wall of the furnace is thinner than the 
thers, and is called the chemije. The back wall, which 
is pierced to give nnflage to the pipes of two large wooden 
cllows, is called the middle wall. When the furnace 
is thus prepared, charcoal is thrown into the hollow, or 
life ; which tvin^ kindled, the fire is to be continued 
uring three hoars, before the matters to be fufed are 
added. Then thefe matters are thrown in, which are not 
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the pure ore, but a mixture of feveral fubftances* all of 
which are fomewhat profitable. The quantity of thei'e 
matters is fufficient for one day’s work ; that is, for a fuiion 
of eighteen hours; and it confifts of, l. Twelve fchorbens 
ormeafures of well roafted Rammelfberg ore ; (the fchorben 
is a meafure whofe contents are two feet five inches long, 
one foot feven inches broad, and a little more than a foot 
deep : It is equal to 32 quintals of that country, Cologn 
weight, at 123 pounds each quintal). 2. Six meafures 
of fcoria produced by the fmelting of the ore of Upper 
Hartz, which is refra&ory, and what workmen called cold . 
3. Two meafures of knobben , which is an impure fcoria 
containing fome lead and filver, which has been formerly 
thrown away as ufelefs, and is now colleded by women and 
children. Befides thefe, other matters are added, containing 
lead and filver, as the tefts employed in refining, the drols 
of lead, impure litharge, and any rubbifh containing 
metal, which was left in the furnace after the foregoing 
fufion. All thefe matters being mixed together are thrown 
into the furnace : And to each meafure of this mixture a 
meafure of charcoal is added. The fufion is then begun 
by help of bellows ; and as it proceeds, the lead* falls 
through the light brafqueor charcoal bed, into the hollow, 
or cade, where it is preferved from burning under the 
powder of charcoal. The fcoria, on the other hand, being 
lighter and lefs fluid, is fkimmed off from time to time by 
means of ladles, that it may not prevent the reft of the 
lead from falling down into the hollow. Thus, while the 
Fufion lafts, frefh matters and frefh charcoal are alternately 
added, till the whole quantity intended for one fufion, or, 
as they call it, one day , be throv/n in. 

There are feveral eflential things to be remarked in this 
operation, which is very well contrived. Firft, the mixture 
of matters from which a little lead and filver is procured, 
which would otherwife be loft ; and which have alfo this 
advantage, that they retard the fufion of the Rammelfberg 
ore, which, however well roafted it has been, retains 
always enough of the fulphur and iron of the pyrites 
mixed with it, to render it too fufible or too fluid, fo that 
without the addition of thole matters, nothing would be 
obtained hut a matt. It is even neceflary, notwithftanding 
thefe additions, not to haften the fufion too much, but to 
give time to the ore to mix with the other matters, elfe it 
Would melt and flow of itfelf before the reft. Secondly, 
the fufion of the ore through charcoal, which is practifed 
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in moft fmelting-houfes, and for almoft all oretf, if art etf* 
cellent method, the principal advantage of which is t;he 
faving of fuel. The aftion of the burning charcoal diredted 
immediately upon the mineral, at the fame time that if 
melts more readily and efficacioufly, alfo fupplies it with 
the pl?logifton neceflary to bring it to a perfect ftate. 

We mentioned, when treating of vitriols obtained from 
the RammeHberg ore after its nrft roafting, that a white 
vitriol was alfo obtained, and prepared at GoJlar y whofe 
bafis was zinc: which proves that this ore contains alfo a 
certain quantity of this fcmi-metal. As this ore is fmelted 
in a country where the art is well underftood of extracting 
every thing which a mineral contains, fo in this fufion zinc 
and cadtnia are obtained in the following manner. When 
the furnace is prepared for the fufion, it is neceflary to 
clofe it up in the fore-part, before the fufion is begun. 

44 Firft of all, a gritt-flone is to be placed, fupported at 
44 the height of three inches. This ftone is as long as the 
44 furnace is broad, and the height of it is level with the 
44 hole where the bcllows-pipe enters. It rs fattened on each 
44 fide of the furnace, externally and internally, with clay. 
44 Upon this ftone a kind of receptacle, or, as it is called, 
44 the feat of the zinc 9 is made in the following manner. 
44 A flat, ilaty ftone is chofen as long as the furnace 
44 is broad, and eight inches in breadth. This is placed 
44 on the gritt-ftone above-mentioned, in fuch a manner, 
44 that it inclines confiderably towards the front of the fur- 
44 nace, and that its bottom touches elofely the gritt-ftone. 
44 It is fattened with clay, which is alfo laid upon the feat 
44 of the zinc. Upon this feat, which is to receive the 
44 zinc, are placed two round pieces of charcoal, and 
44 alfo a ftone called the zinc-Jlone , which is about a foot 
44 and a half in length, and clofes one part of the front 
44 of the furnace. This ftone alfo is fattened on each 
44 of its fides with clay. Clay is likewife put under the 
44 ftone betwixt the two pieces of charcoal, which hinder it 
44 from touching the feat of the zinc. The under part of 
44 this ftone is but (lightly luted, that the workmen may 
44 make an opening for the zinc to flow out. Thus is made 
44 the feat or receptacle of the zinc to detain this metallic 
44 fubftance, which would otherwilc fall into the hotteft 
44 part of the fire, called by the workmen the melting-place, 
44 and would be there burnt : whereas it is collefted upon 
44 this receptacle during the fufion, where it is flieltered 
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M fifem the a&ion of the bellows, and confequently from 
41 too great heat. 

44 When all the matter to be fufed in one day is put into 
44 the furnace, the blaft of air is continued till that matter 
44 has funk down. When it is half way down the furnace, 

44 they draw out the fcoria, that more of the ore and other 
44 matters may be expofed to the greated heat. As foon as 
44 the fcoria is cooled and fixed a little, two fliovel-fulls of 
44 fmall wet lcoria or fand is thrown clofe to the furnace, 

44 and beat down with the (hovel j then the workmen open 
44 the feat or receptacle of zinc, and ftrike upon the zinc- 
44 done to make the femi-metal flow out. As foon as the 
44 pureft part of it has flowed out, it is fprinlded with 
44 water and carried away. Then the workmen feparate 
44 intirely the zinc-done from the wall of the furnace, 

44 and they continue to give it little ftrokes, that the fmall 
44 particles of zinc difperfed among the charcoal may fall 
44 down. This being done, the done is removed, and the 
44 zinc is feparated from the charcoal by an iron inftru- 
44 ment, is cleaned, and remelted along with the zinc that 
44 flowed out at fird, and is cad into round cakes. The 
44 reafon why the zinc is withdrawn before the bellows 
44 ceafe to blow, is, that if it was left till the charcoal on 
44 the feat or receptacle was confumed, it would be moftly 
44 burnt, and little would be obtained. Thus, after the 
44 zinc is withdrawn, the fufion is finifhed by blowing the 
44 bellows till the end.” 

Thus the zinc is feparated from the ore of RammeKberg, 
and is not confounded in the hollow or cafle with the lead 
and filver, becaufe being a volatile femi-metal, it cannot 
fupport the a&ivity of the fire without rifing into vapors, 
which are condenied in the place lead hot, that is to fay* 
upon the ftones exprefsly prepared for that pur pofe, and 
which being much thinner than the other walls of the fur- 
nace, are continually cooled by the external air. 

It is alfo in this furnace, and after the fufion of the 
RammeKberg ore, that the cadmia of zinc, or the cadmia of 
furnacesy is obtained. This ore is competed. of fulphureous 
and ferruginous pyrites, of true lead ore containing filver, 
and a very hard and compact matter of a dark brownilh- 
grey color, which is probably a lapis calaminaris, or an 
ore of zinc. Thefe feveral matters of the RammeKberg 
ore are not feparated from each other, either for the read- 
ing or for the fufion. Thus there is zinc in all the parts 
of the roafted ore, and much more of it would be obtained* 

if 
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if it was not fo cafily inflammable. All the zinc which is 
obtained is preferved from burning by falling, while in 
fufion, behind the chrmife or forepart of the furnace* 
which is, as has been faid, a kind of lchifrus, or flate, call- 
ed by the workmen fled Jione . But the part of this femi- 
metal which falls in the middle of the furnace, near the 
middle wall, or towards the fides, being expofed to the 
greatdl heat of the fire, is there burnt; and its i'moke or 
dowers attaching iticlf on all fides to the walls of the 
furnace, undergo there a femi-fufion, which renders this 
matter fo hard and fo thick that it mufl be taken away 
after every fourth fufion, or, at moft, alter every fixth fu- 
fion. That which is found attached to the higheft part of 
the furnace is the bell and purclt. The reft is altered by a 
mixture of a portion of lead which it has carried up with 
it, and which, from its great weight and fixity, has hindered 
the zinc from rifing fo high as it would have done alone. 
Therefore with this kind of impure cadmia ductile brafs 
cannot be made. 

Almolt all the zinc we have, as well as the cadmia of the 
furnaces, is obtained from the Rammellberg ore, by the 
procefs deferibed, and confcquently is not the produce of a 
pure ore of zinc, or lapis calaminaris, which is never fufed 
for that purpofe. Before Mr. Margraaf, although it was 
well known that this ore contained zinc, and that it was em- 
ployed for the making of brafs, a convenient procefs for 
extrading zinc frem it was not known, becaufe when 
treated by fufion with fluxes, like other ores, it does not 
yield any zinc ; which proceeds partly from the refradory 
quality of the earth contained in the calamine, that cannot 
be fufed without a very violent fire ; and alio from the vola- 
tility and combuftibility of the zinc, which for this reafon 
cannot be collected at the bottom of a crucible, as a regu- 
ius under a fcoria, like molt metals. 

M. Margraaf has remedied thefe inconveniences bvdiftil- 
ling lapis calaminaris, mixed with charcoal, in a retort, ta 
which is joined a receiver containing fome water, and con- 
fequently in dole vefiels, where the zinc, by the help of a 
very itrong fire indeed, is fublimeu in its metallic form 
without burning. He alfo by the fame method reduced into 
zinc th z flowers of zinc y or pompbolix y cadmia of the furnaces^ 
tutty y which is alfo a kind of cadmia ; in a word, all matters 
capable of producing zinc by combination with phlogifton. 
But it is evident that fuch operations as thefe are rather fit 
to fupply proofs for chemical theory, than to be put in 
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praflice for works in great, (n ) M. Margraaf has obferved* 
that the zinc which he obtained by this proctfs was lefs' 
brittle than what is obtained from the fulion of ores ; which 
.may proceed from its greater purity, or fronvits better com- 
bination with phlogifton. 

After this digremon which we have now made concern- 
ing the operation in the great, by which zinc and cadmia 
are obtained, and which ,we could not infert elfewhere, be- 
caufe of the neceflary relation it has with the fmelting of 
the Rammelfberg ore, we proceed to the other operations 
of the fame ore, that is to fay, to the finery , by which the 
filver is feparated from the lead, which are mixed together, 
forming what is called the work . 

This operation differs from the fining of eflay, or in 
fmall, principally in this circumftance, tnat in the latter 
method of fining, all the litharge is abforbed into the cupel, 
whereas in the former method th$ greateft part of this 
litharge is withdrawn. 

The fining in great of the work of Rammelfberg is per- 
formed in a furnace called a reverberatory furnace . This 
furnace is fo conftru&ed that the flame of wood burning in a 
cavity called the fire-place, is * determined by a current of 
ait, (which is introduced through the afh-hole, and which 
gois out at an opening on one iide of that part of the fur- 
nace where the work is, that is, where the lead and filver are) to 
circulate above, and to give the convenient degree of heat, 
when the fire is properly managed. In this furnace a great 
cupel, called a fr/7, is difpofed. This teft is made of the 
afhes of beech-wood, well lixiviated in the ufual manner. 
In fome founderies different matters are added, as fand, fpar, 
calcined gypfuxn, quicklime, clay. When the teft is well 
prepared and dried, all the work is put at once upon the 
cold teft, to the quantity of fixty-four quintals for one 
operation. Then the fire is lighted in the fire-place with 

(n) Zinc is obtained not only io the method ufed at Goflar 
above-deferibed, bat is alfo extracted in great works from lapis 
calaminaris and calcined blend, by a diitillation fimilar to that 
by which Mr. Margraaf has eflayed ores of zinc. The firft work 
of that kind was ereded in Sweden by Mr. Von Swab, in the 
year 1738. The ore employed was a kind of blend ; this ore, 
when calcined, powdered, and mixed with charcoal, was put 
into iron or done retorts, and the zinc was obtained by diffilla * 
ton. In Briftol a work is eftablifhed in which zinc is obtained by 
diflillation bj defetnt . See* a fe&on and defeription of the furnace 
and apparatus employed, Plat * II. Fit. as, and explanation . 

VoL. Ill, If faggots, 
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faggots, but the fufion is not urged too faft ; i. That the 
teft may have time to dry ; 2. Becaufe the work of the 
Rammelfberg ore is allayed with the mixture of feveral me- 
tallic matters, which it is proper to feparate from it, other- 
wife they would fpoil the litharge and the lead procured 
from it. Thefe metallic matters are, copper, iron, zinc* 
and matt. As thefe heterogeneous fubftances are hard and 
refractory, they do not melt fo foon as the work , that is, 
as the lead and filver ; and when the work is melted, they 
fwim upon its furface like a (kin, which is to be taken off* 
Thefe impurities are called the feum , or the firjl-wafle . 
What remains forms a fecond feum, which appears when 
the work is at its greateft degree of heat, but before the 
litharge begins to form itfelf. It is a fcoria which is to be 
carefully taken off, and is called the fccond-wajle . 

When the operation is at this point, it is continued by 
the help of bellows, the wind of which is directed, not 
upon the wood or fuel, but upon the very furface of the 
metal, by means of iron plates put for that purpofe before 
the blaft hole, which are called papillons. This blaft does 
not fo much encreafe the intenfity of the fire, as it facilitates 
the combuftion of the lead, and throws the litharge that is 
not imbibed by the teft towards a channel, called the litharge 
way , through which it flows. The litharge becomes fixed 
out of the furnace ; the matter which is found in the 
middle of the largeft pieces, and which amounts to about a 
halfora third ofthewhole, is friable, and falls into powder 
like fand. This is put into barrels containing each five 
quintals of it, and is called faleable litharge, becaufe it is 
fold in that ftate. The other part which remains folid is 
called cold litharge , and is again melted and reduced into 
lead. The fufion is called cold fufion , and the lead obtained 
from it, cold lead , which is good and faleable when the 
work has been well cleared from the heterogeneous matters 
mentioned above. The tefts and cupels impregnated with 
litharge are added in the fufion of the ore, as we have al- 
ready related. 

When two-thirds, or nearly that quantity, of the lead 
are converted into litharge, no more of it is formed. The 
filver then appears covered with a white (kin, which the 
finers call lightening , and the metal, lightened or fined filver^ 

The filver obtained by this procefs of fining is not yet 
altogether pure.' It dill contains fomc lead, frequently 
to the quantity of four drams in ciich marc, or eight: 
ounces. It is delivered to the workmen, who complete its 

purification. 
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purification by the ordinary method. This laft operation 
k the refitting} and the workmen employed to do it are 
called refiners . A fining of fix ty- four quintals of work , 
yields from eight to ten marcs of fined filver, and from 
thirty-five to forty quintals of litharge ; that is, from twelve 
to eighteen of faleaole litharge, from twenty- two to twenty-* 
three of cold litharge, from twenty to twenty- two quintals 
of impregnated teft, and from nx to feven quintals of 
lead-drofg. The operation lafts from fix teen to eighteen 
hours. ( o ) 

SMELT- 

(o) Ores containing filver may be divided into four kinds, f . 
Psrr, or thofe which are not much compounded with other metalr. 
2 . Qaknical , in which the filver is mixed with much galena or 
ore of lead mineralifed by fulphur. 3. Pyritous , in which the 
filver is mixed with the martial pyrites. 4. Cupreous ; in which 
the filver is contained in copper-ores. To extract the filver from 
thefe feveral kinds of ores, different operations arc neceffary. 

Native filver is feparated from its adhering earths and (tones 
by amalgamation with mercury, in the manner directed for the 
fcparation of gold ; or by fuiion with lead, from which it may 
be afterwards Separated by cupellation. 

Pure ores feWom require a previous calcination ; but, when 
bnufied and deanfed from extraneous matters, may be fufed di- 
redly, and incorporated with a quantity of lead, unlefs they 
contain a large proportion of fulphur and arfenic ; in which cafe 
a calcination may oe ufeful. The lead employed muff be in a 
calcined or vitrified ftate, which, being mixed with the ore, 
and gradually reduced by the phlogifton of the charcoal added 
to it, may be more effedually united with the filver of the ore, 
than if lead itfelf had been added, which would too quickly pre- 
cipitate to the bottom of the containing veffel or furnace. The 
filver is to be afterwards feparated from the lead by cupel- 
larion. 

Galenical ores , efpedally thofe in which pyrites is intermixed, 
require a calcination, which ought to be performed in an oven, 
or reverberatory furnace. They are then to be fufed together 
with fbme inflammable matter, as charcoal, by which the lead 
is revived, and, together with the filver, is precipitated. 

Pyritous ores muff be firff melted, fo as to form a matt. If the 
fulphur is not fufficient for this kind of fufion, more folphurated 
pyrites may be added. This matt contains, befides filver and 
(hlphor, alfo various metals, as lead, iron, and fometimes co- 
Ur. The matt muff be expofed to repeated calcinations till the 
fhlphur is dxfiipated. By thefe calcinations moft pf the iron is 
deffroved. The calcined matt is to be fufed with litharge, and 
the filver incorporated with the revived lead ; from which, and 
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SMELTING of ORES of COPPER. 

The (melting in great of copper ores, and even of feveral 
ores of filver and lead, excepting that of Rammelfberg, is 
performed in furnaces not eflentially different from that al- 
ready deferibed ; but in this refpedl only, that the fcoria 

from the other im perfect metals with which it may be mixed, it 
mud afterwards be feparated by cupellation. See Refining. 

The filver contained in cupreous ores may be obtained, either, 
i. By feparating it from the copper itfelf, after this has been 
extracted along with the filver, in the ufual manner, from the 
ore ; or, 2. By precipitating it immediately from the other 
matters of the ore. 

1. It may be feparated from the copper by two methods. One 
of thefe is by adding lead, and fcorifying the imperfedl metals. 
By this method much of the copper would be aeflroyed, and it is 
therefore not to be ufed unlefs the quantity of filver relatively to 
the copper be confiderable. Another method by which filver 
may be feparated from copper is, by eliquation ; that is, by mix- 
ing the mafs of copper and filver with a quantity of lead, and ap- 
plying fuch a heat as (hall be juft fufficient to make the lead eli- 
quate from the copper, together with the filver, which being 
more ftrongly difpofed to unite with the lead than with the cop- 
per, is thus incorporated with the former metal, and feparated 
from the latter. See the article Elic^uation. 

2. Silver may alio be extracted from thefe cupreous ores by pre- 
cipitation. For this purpofe let the ore, previoufly bruifed and 
cleanlcd, be formed into a matt, that the earthy matters may be 
well feparated. Let the matt be then fufed with a ftron^ heat; 
and when the fcoria has been removed, and the heat is diminifhed, 
add to it fome clean galena, litharge, and granulated lead. When 
the fire has been raifed, and the additions well incorporated with 
the matt, let fome call or filed iron be thrown into the liquid 
mafs, which being more dilpofed than lead is to unite with ful- 
phur, will feparateand precipitate the latter metal, and along with 
it the filver or gold contained in the matt. This method was in- 
troduced by Scheffer, and is pra&ifed at Adelfors in Smoland. 
In this work the proportion of the feveral materials is, four quin- 
tals of matt, two quintals of black copper containing fome lead 
with the perfedl metal, one quintal of galena, one quintal of 
litharge, a fifth part of a quintal of granulated lead, and an equal 
quantity of call iron. 

' 1 he filver in this, and in all other inftances where it is united 
with lead, is 10 be afterwards feparated from the lead by cupel- 
latiou ; which proccL is deferibed at the articles Essay of tkt 
VaL m of SlLVtR, «WRfcFlNlNG. 

and 
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and metal are not drawn out of the furnace, but flow fpon- 
taneoufly, as foon as they are melted, into receiving bafons , 
where the metal is freed from the fcoria. Thefe furnaces 
are generally called pierced furnaces . 

Inftead of a light brafque, or bed of charcoal-powder, 
under which the metal lies hid, the bottom of thefe furnaces 
is covered with a bafon compofed of heavy brafque, which 
is a mixture of charcoal-powder and clay. In the front of 
the furnace, and at the bottom of the chemife, there is a 
hole, called the eye* through which the melted matter 
flows, and runs along a trench or furrow, called the trace* 
into one or morp receiving bafons , made of earth, fcoria, 
(and, &c. There the metal is feparated from the fcoria, 
by making it flow from thefe bafons into another lateral one. 
Thefe furnaces are alfo called crooked furnaces . 

Different names are given to them according to fome dif- 
ference in their conftruftion. For inftance, thofe which 
have two eyes , and two traces , through which the melted 
matter flows alternately into two bafons, are called fpefta- 
clefumaces . Their greater or lefs height gives occafion 
alio to the diftinftion of high furnaces , and middle furnaces . 

The high furnaces are of modern invention. They were 
firft introduced at Mansfeldt in the year 1727, ana they 
are now ufed in almoft all countries wnere ores are fmelted, 
as in Saxony, Bohemia, Hungary, &c. Their chief ad- 
vantage confifts in Amplifying and diminifhing the labor. 
This advantage is effe&ed by the great height of the fur- 
nace, which allows the ore to remain there a long time 
before it falls down into the hotteft part of the fire, and is 
melted. Coqfequently, it fuffers fucceflively different de- 
grees of heat, and, before it is melted, it undergoes a roaft- 
ing which cofts nothing * therefore the high furnaces are 
chiefly employed for crude fufions ; and particularly for the 
flate copper-ore. Thefe furnaces are above eighteen feet 
high. A too great height is attended with an inconve- 
nience, befides the trouble of fupplying it with ore and 
fuel, which is, that the charcoal is moilly confumed beforfc 
it gets down where the greateft heat is required, and is then 
rendered incapable of maintaining a fire fufficiently iq-r 
tenfe. 

All the furnaces which we have mentioned are fupplied 
with large bellows, tfioved by the aroor of a wheel, \yhich 
is turned round by a current of water. 

The only kind of furnace for fmelting ores where bel- 
}ows are not employed, is what is called a reverberatory 
* * * P £ furnacty 
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furnace . The Germans call it a wind-furnace . It is alfo 
diftinguiihed by the name of Englijb furnace , becaufe the 
invention of it is attributed to an Englifh phyfician of the 
name of Wrigbty who was well verfed in chemiftry ; and 
becaufe the ufe of it was firft introduced in England about 
the end of the laft century, where it is much employed, as 
well as in feveral other countries, as at Konigfberg, in Nor- 
way. See Plate II. Fig. 14. and 15. 

The length of thefe furnaces is about eighteen feet, com- 
prehending the mafonry : their breadth is twelve feet, and 
their height nine feet and a half. The hearth is raifed 
three feet above the level of the foundery : on one fide is 
the fire-place, under which is an afh-hole hollowed in the 
earth ; on the other fide is a bafon made, which is kept 
covered with fire when there is occafion : on the anterior 
fide Of this furnace there is a chimney, which receives the 
flame after it has pafled over the mineral that is laid upon 
the hearth. This hearth, which is in the interior part of 
the furnace, is made of clay capable of fuftaining the fire. 
The advantage of this furnace is, that bellows are not ne- 
ccflary, and confcquently it may be conftrudted where there 
is no current of water, and wherever the mine happens to 
be. This furnace ha$ a hole in its front through which 
the fcoria is drawn out ; and a bafon, as we have faid, on 
one fide, made with fand, in which are oblong traces for 
the reception of the matt , and of the black copper , when 
they flow out of the fbrnace. 

Copper is generally mineralifed, not only by fulphur and 
*rfenic, but alfo by femi-metals and pyritous matters, and 
is frequently mixed with other metals. As this metal has 
girat affinity with fulphur and arfenic, it is almoft impoffi- 
ble to difengage it from them entirely by roafting : hence 
in the fmeltmg in great, nothing is obtained by the firft 
operation but a copper-matt, which contains all the prin- 
ciples of the ore, excepting the earthy and ftony parts, 
particularly when the ore is fmelted, crude, and unroaft- 
ed. Afterwards this matt mud be again roafted and fufed. 
The produce of this fecond fufion begins ftill more to re- 
femble copper, but is not malleable. It continues mixed 
with almoft all the minerals, particularly with the metals. 
As it is frequently of a black color, it is always called 
Hack copper 9 when it is unmalleable, whatever its color 
happens really to be. 

As, of all the i m per fc& metals, copper is mod difficultly 
burnt and fcorified, it is again remelted feveral times, in 
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order to burn and fcorify the metallic fubftance? mixed 
with it ; and this is done till the copper is perfe&ly pure, 
which is then called red y or refined copper^ and thefe laft 
fuiions are called the fining and refining of it : Red copper 
contains no metals but gold and filver, if any of thefe hap- 
pened to be in the ore. 

In order to avoid all thefe fufions, it has been propofed 
to treat in the humid way certain copper ores, particularly 
thofe which are very pyritous. This method confifts in 
making blue vitriol from the ore, by roafting and lixiviat- 
ing it, and in precipitating pure copper from this lixivium, 
which is called cement-water , by means of iron : but it is 
not much pra&ifed, becaufe it has been obferved, that all 
the copper contained in the ore was not procured by this 
means. 

As expence is not much regarded in fmall eflays and 
experiments, thefe fufions are much abridged and facilitated 
by adding at firft faline and glafly fluxes ; and then by re- 
fining the black copper with lead in the cupel, as gola and 
filver are done. In this method of refining, it rs to be moft 
carefully obferved, that the metal be fufed as quickly as 
pofiible, and expofed to no more heat than is necefiary, left 
it be calcined. 

When the black copper contains fome iron, but not a 
great deal, the lead presently feparates the iron from lt > and 
makes it rife to the furface of the copper : but if the iron 
be in too large a proportion, it prevents the lead from 
uniting with the copper. Thefe two phenomena depend 
on the fame caufe, which is, that lead and iron cannot 
unite. 

Frequently copper ores contain alfo a quantity of filver 
fufficient to make its extra&ion by particular prOcefles pro- 
fitable. It was long before any procefs £ould be thought 
of for this purpofe which was not too expenfive and trou- 
blefome ; bvit at length it is accomplifhed by the excellent 
operation called eliquation • See the word Eliquation, 

The copper from which filver has been feparated by eli- 
quation muft be refined after this operation, as it is gene- 
rally black copper from which filver is extracted ; but even 
if it had not been black copper which was employed for 
this operation, it would require to be refined on account of 
a little lead it always retains. It is therefore carried tq 
the refiners furnace, where this operation is performed by 
help of bellows, the blaft of which is thrown upon the 
furface of the melted metal* As in this fefinipg of copper 
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the precife time when it becomes pure cannot be known, 
bccaufe fcoria is always formed on its furface, it is neceffa- 
ry to ufe an ejfay-iron , the poliihed end o/ which being dipt 
in melted copper, (hews that this metal is pure when the 
copper adhering to the iron falls off as foon as it is dipt 
in cold water. 

When this mark of the purity of the copper has been 
obferved, its furface ought to be well cleaned ; and as foon 
as it begins to fix, it muft be fprinkled with a broom or 
befom dipt in cold water. The furface of the copper 
which is then fixing, b*ing fuddenly cooled by the water, 
detaches itfclf from the reft of the metal, is taken hold of 
by tongs, and is thrown red-hot into cold water. By 
again fprinkling water on the mafs of copper, it is all of 
it reduced into plates, which are called rcfettes , and thefe 
plates are what is called rofette-copper . (p) 

We 

(p) The copper of pyritous cupreous ores cannot be obtained 
without fevcrat operations, which vary according to the nature 
of the ores. Thefe operations are chiefly mailings and fufions. 
By the firft fufion a malt is produced, which is afterwards to be 
/oafted ; and thus the fufions and mailings are to be alternately 
applied, till by the lall fufion copper is obtained. Thefe me- 
thods of treating pyritous copper ores depend on the two follow- 
ing fafts : i. Sulphur is more difpofed to unite with iron than 
with copper. 2. The iron of thefe ores is deftru$ible by the 
burning fulphur during the mailing or the fufion of the pres, 
while the copper is not injured. This fa& appears from experi- 
ments mentioned by Scheffer and by Wallerius, and from the 
daily practice of fmelting cupreous ores. 

From thefe fa&s we learn, 1 . That fulphur may be employed 
to feparate and deftroy iron mixed with copper ; 2dly, that iron 
may be employed to feparate the fulphur from copper, as is fome- 
times done in the efiay of iulphurated copper- ores ; and, jdly, 
that by adjufling the proportion of the iron and fulphur to each 
other in the fmelting of copper-ores, thefe two fubftances miy 
be made to deflroy each other, and to procure a feparation of the 
copper ; and this adj ailment may be effe£led, by adding fulphor 
or fulphurcous pyrites to the copper-ore, when the quantity of 
fulphur contained in this ore relatively to the iron is too fmall ; 
or by adding iron when the fulphur predominates ; or by mail- 
ing, by which the fuperfluous fulphur may be expelled, and |io 
more left than is fufficient for the aeftrultion of the iron contain- 
ed in the ore. We /hail apply thefe principles to the following 
cafes, 

x. When 
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Wc ftiall not enter into further details concerning the 
operations made in great upon the different minerals, that 
we may not exceed the bounds intended for this work, 
Befides, what remains to be faid upon the ores of mercu- 
jy, antimony, bifmuth, arfenic, and cobalt, is already 
lufficiently explained in the different articles of this Dic- 
tionary relating to thefe fubftances, and to their products. 
The fufion in great of ores of iron would indeed particu- 
larly deferve to be treated more extenfively, on account of 
its importance; but we obferve, that the general princi- 
ples 

1. When the quantity of fulphur and of iron in a copper-ore 
is fmall, and especially when the iron does not too much abound, 
a previous roafting will at once calcine the iron, and expel moil of 
the fulphur ; fo that by one fufion the calcined iron may be fcori- 
fied, and black copper may be obtained. If the fulphur has not 
been fufficiently expelled, a fecond roafting and fufion are re- 
quifite ; for the whole quantity of fulphur ought not to be expell- 
ed during the firft roafting ; but as much ought to be left as is 
fufficient for the fcorification of the calcined iron, otherwife this 
might, during the fufion, be again revived and united with the 
copper. 

2. If, in a copper-ore, the quantity of iron be too great, rela- 
tively to the fulphur, fome fulphurated pyrites, efpecially that 
kind which contains copper, ought to be added, that a matt 
may be obtained, and that the iron may be calcined and fcorified. 

3. When the quantity of fulphur and iron is very great, that 
is, when the ore is very pyritous and poor, it ought to be firll 
formed into a matt ; by which it is feparated from the adherent 
earths and ftones, and the bulk is diminifhed : then by repeat- 
ed and alternate mailings and fufions, the copper may be ob- 
tained. 

4. When the quantity of fulphur in an ore is greater than 
is fufficient for the forming a matt, t^e fuperfluous quantity ought 
to be previoufly expelled by roafting. 

The copper thus at firft obtained is never pure, but is gene- 
rally mixed with fulphur or with iron. It is called black copper* 
This may be refined in furnaces, or on hearths. 

In the former method, to the copper when melted a fmall 
quantity of lead is added, which unite* with the fulphur, and' is 
fcorified together with the iron, and floats upon the furface of 
the melted copper. This purification of copper by means of lead 
is fimilar to the refining of filver by cupellation, and is founded 
on the property of lead, by which it ij more difpofed to unite 
with fulphur than copper is, and on a property of copper, by 
which it is lefs liable than any other imperfect metal to be fcori- 
fied by lead. But as copper as alfo capable of being fcorified by. 

lead. 
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pics of the fmelting of ores contained in the prcfent arti- 
cle are as applicable to ores of iron as of other metals, and 
for the particular details we are obliged to refer to good 
Trcatifes, which are not wanting on this fubject, and par- 
ticularly to the Art of Forges and Iron- furnaces^ described 
moft exa&ly by the Marquis de Courtivron, of the Royal 
Academy of Sciences, and by M. Bouchu, a correfpondent 
of that Academy ; a work which makes part of a general 
defeription of the Arts undertaken by that illuftrious com- 
pany. ( q) 

SNOW 


lead, this operation mud be no longer continued, and no more 
lead mu(l be employed than is fufficient for the reparation of the 
fulphur, and for the fcorification of the iron. 

The copper might alfo be purified from any remaining fulphur 
by adding a fufficient quantity of iron to engage the fulphur. 
Th us Mr. Scheffer found, that by adding to fulphurated copper 
from y c th to -^ x „th of old caft iron, he rendered the copper pure 
and duflile. See bis Dijfertation on the Parting of Metals amongft 
the Swedijh Memoirs for the year 1752. In this purification, tile 
quantity of iron added ought not to be too little, elfe all the 
iulphur will not be feparated ; and it ought not to be too great, 
elfe the fuperfluous quantity will unite with and injure the purity 
of the copper. The fufion and fcorification, with addition of 
lead, feems to be the beft method for the lad purification of 
copper. 

(q) In this work, which pretends to treat of the chemical 
principles of arts in general, we ought certainly not to omit fome 
defeription of the methods of procuring and manufacturing a me- 
tal, fo extenfively ufeful, that without it no other art could have 
been perfe&ed, and even, as fome writers have obferved, man- 
kind could fcarcely have been civilized. 

In the article Iron, the author of the Didtionary has deferibed 
the chemical properties of that metal, or its effedls when adted 
gpon by fire, acids, and other fubftances. The fubjedts of this 
note and of the article Steel are the precedes by which iron is 
obtained from its ores, and reduced to the feveral dates of caft 
iron , forged iron , and feel, and the properties of this metal in 
thefe feveral dates, which render it fit for the various ufes to 
which it is daily applied. 

Notwithftanaing the great importance of thefe fqbjedls, and 
the labors of Reaumur, Swedenborgius, and of fome other 
authors, we have dill a very imperfedl knowledge of the caufes 
of the differences of the feveral kinds of ores, of the methods of 
fmelting bed adapted to thefe differences, of the caufes of the 
good and bad qualities of di^erqnt kinds of iron, and of the 
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SOAP. 

means of fe meliorating this metal* that we may obtain tough 
ad de&ile iron from any of its ores. 

Sweden borgias has very indudrioafly and exa&ly defcribed the 
diderent ptoc e fl es now uied in mo d parts of Europe for the 
finelring of ores of iron, for the forging of that metal, and for 
the cooverfion of it into fteel : but we do not find that he or any 
ocher author have, by experiments and difcoveries, contributed 
mach to the illoftration or to the improvement of this part of 
metallurgy, unlefs, perhaps, we except thofe of Mr. Reaumur, 
concerning the foftening of* caft iron by cementation with earthy 
fnbftances. 

The ores of iron are known to vary much in their appearance, 
in their contents, in their degrees of fufibility, in the methods 
■ccefiary for the extraction of their contained metal, and in the 
qualities of the metal when extracted. 

Mofi ores require to be roafied previoufiy to their fufion ; fome 
more Rightly, and others with a more violent and longer-conti- 
nued fire. Thofe which contain much fulphur, arfemc, or vi- 
triolic add, require a long-continued and repeated reading, that 
the volatile matters may be expelled. Of this l^ind is the black - 
irm ire, from which the Sweditti iron is faid to be obtained. 

Some ares require a very flight roafting only, that they may be 
dried and rendered friable. Such are the ores called bog ores 9 
and others which being in a calcined (late, and containing little 
folphureous matter, would, by a further calcination, be rendered 
kfs capable of being reduced to a metallic date. 

The roafliog of ores of iron is performed by kindling piles, 
confiding of ftrata of fuel and of ore placed alternately upon one 
another, {See Plate II. Fig . if. and 12.) or in furnaces fimi- 
lar to thofe commonly employed for the calcination of lime- 
fiooe. 

Some authors advife the addition of a calcareous earth to ful- 
phureous ores during the reading, that the fulphur may be ab- 
sorbed by this earth when converted into quicklime. But we 
may obferve, that the quicklime cannot abforb the fulphur or 
folnhureOQs acid, till thefe be .firfl extricated from the ore, 
and does therefore only prevent the diffipation of thefe volatile 
matters ; and, fecondly, that -the fulphur thus united with the 
qtucklbne forms a hepar of fulphur, which will unite with and 
difiblve the ore daring its fufion, and prevent the precipitation of 
the metal. 

The next operation is the fufion or j melting of the ore. This 
is generally performed in furnaces or towers, from twenty to 
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fignify combinations of alkaline falts with oils, that is, 

compounds 

thirty feet high, in the bottom of which is a bafon for the recep- 
tion of the fluid metal. See a Sedion and Defcription of this Fur- 
nace in Plate II. Fig. 20. and the Explanation of that Figure* 
When the furnace is fufiiciently heated, which muft be done at 
firft very gradually, to prevent the cracking of the walls; a quan- 
tity of the ore is to be thrown in, from time to time, at the top 
of the furnace, along with a certain quantity of fuel and of lime- 
ftone, or whatever other flux -is employed. While the fuel below 
is con fumed by the fire excited by the wind of the bellows, the 
ore, together with its proportionable quantity of fuel and of flux, 
fink gradually down, till they are expofed to the greateft heat in 
the furnace. There the ore and the flux are fufed, the metallic par- 
tides are revived by the fuel, are precipitated by means of their 
weight through the fcoria formed of the lighter earthy parts of 
tire flux and of the ore, and unite in the baton at the bottom of 
the furnace, forming a mafs of fluid metal covered by a glafly 
'fcoria. When a fumcient quantity of this fluid metal is col- 
lected, which is generally twice or thrice in twenty-four hours, 
an aperture is made, through which the metal flows into a chan- 
nel or groove made in a bed of fand ; and from thence into 
final ler lateral or connected channels, or other moulds. There 
it is cooled, becomes folid, and retains the forms of the channels 
or moulds into which it flows. The piece of iron formed in the 
large channel is called a frw 9 and thofe formed in the fmailer 
channels are called pigs. Sometimes the fluid iron is taken out 
of the furnace by means of ladles, and poured into mould*, 
ready prepared, of fand or of clay, and is thus formed into 
the various utenfils and inftruraents for which call irqn is a proper 
material. 

The fcoria muft be, from time to time, allowed to flow out, 
when a confiderable quantity of it is formed, through an aper- 
ture made in the front of the furnace for that purpole. A fuffi- 
cient quantity of u muft, however, be always left to cover the 
furface of the melted iron, elfe the ore which would fall upon it, 
before the reparation of its metallic from its unmetallic parts, 
would leflen the fluidity and injure the purity of the melte 4 
metal. This fcoria ought to have a certain degree of fluidity ; 
for if it be too thick, the revived metallic parades will not be 
able to overcome its tenadty, and colled together into drops* 
nor be precipitated. Accordingly, a fcoria, not fufiiciently fluid* 
is always found to contain much. metal. If the fcoria be too tlyn, 
the metallic particles of the ore will be precipitated before they 
are fufiiciently metallized, and feparated from the earthy and 
unmetallic parts. A due degree of fluidity is giv^n to the fcoria 
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compounds in Which oiWarcrendcred mifcible with .water, 
hy means of an alkali. But fincc chemifts, by a more 

, exa& 

by applying a proper heat, and by adding fluxes fuited to the 
ore. 

Some ores are fuiible without addition, and others cannot be 
fmelted without the addition of fubftances capable of facilitating 
their fuflon. 

The fufiblt arts are thofe which contain fulphur, arfenic, or 
are mixed with fome fuiible earth. 

The ores difficultly fufiblt are, thofe which contain no mixture 
of other fubftance. Such are mod of the ores which contain iron 
in a iftate nearly metallic. As iron itfelf, when purified from all 
heterogeneous matters, is fcarcely fuiible without addition, fo 
die metal contained in thefe purer kinds of ores cannot be eafily 
extraded without the addition of fome fuiible fubftance. 2. 
Thofe which are mixed with fome very refradory fubftance. 
Some of thefe refractory ores contain arfenic; but as this fub- 
ftance facilitates the fuiion of iron, we may prefume that their 
refradory quality depends upon a mixture of fome un metallic 
earth or other unfufible fubftance. The earth which is mixed 
with the common calcifonn ores is in coniiderable quantity, and 
is fometimes calcareous, fometimes iiliceous, and fometimes argil- 
laceous. ' 

Perhaps the fufibility of fome ores depends greatly on the 
degree of calcination to which the metal contained in them has 
been reduced ; iince we have reafon to believe that, by a very 
perfed calcination, fome metals, at leaft, may be reduced to the 
ftate of an earth almoft unfufible, and incapable of metallifadon 
(fit tbt art it U Metals) ; and iince we know, that in every cal- 
cination and fubfequent redudion of agiven quantity of any iraper- 
fed metal, a fen fib le part of that quantity is always loft or deftroy- 
ed, however carefully thefe operations may have been performed. 
That fome of thefe ores are already too much calcined, appears 
from the inftance above-mentioned of the bog ora, which are in- 
jured by roafting ; and even the great height of the common 
fmelting furnaces, although advantageous to many ores that 
require much roafting, is laid to be injurious to thofe which are 
already too much calcined, by expofing them to a further calci- 
nation, during their very gradual defeent, before they arrive at 
the hotteft part of the furnace, where they are fufed. 

But, as too violent calcination renders fome ores difficultly 
fuiible ; fo too flight calcination of other ores injures the purity 
of the metal, by leaving much of the fulphureous or other vola- 
tile matter, which ought to have been expelled. 

Various fubftancts art added to ajfift tbt fufion of err; difficultly 
fufiblt. Theft are ; i« Ores of a fufiblt quality* or which, being 
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ex aft examination of the nature of bodies, have difcovered, 
that acids, and even other faline fubftances, may alfo be 

united 

mixed with others of a very different quality, become fafible : 
accordingly, in the great works for fmelting ores of iron, two or 
more different kinds of ore are commonly mixed, to facilitate the 
fufion, and alfo to meliorate the quality of the iron. Thus an 
ore yielding an iron which is brittle when hot, which quality is 
called rei-Jkort , and another ore which produces iron brittle 
when cold, or cold-fl>ort , are often mixed together; not, as is 
fometimes fuppofed, that thefe qualities are mutually deftru&ive 
of each other, but that each of them is diminifhed in the mixed 
mafs of iron, as much a 4 this mafs is larger than the part of the 
mafs Originally poflefTed of that quality. Thus, if from two 
fuch ores the mafs of iron obtained confifts of equal parts of cold- 
fhort and of red-fhort iron, it will have both thefe qualities, 
but will be only half as cold-Jhort as iron obtained folely from one 
of the ores, and half as red-jbort as iron obtained only from the 
other ore. 2. Earths and fiones are alfo generally added to facilitate 
the fufion of iron ores. Thefe are fuch as are fufible, or become 
fufible when mixed with the ore, or with the earth adhering to 
it. Authors direft that, if this earth be of an argillaceous or 
ceous nature, limeftone or fome calcareous earth mould be added ; 
and that if the adherent earth be calcareous, an argillaceous or 
filiceous earth fhould be added ; becaufe thefe two earths, 
though fingly unfufible, yet, when mixed, mutually promote 
the fufion of each other : but as limeftone is almoft always added 
in the fmelting of iron ores, and as in fome of thefe, at lealt, no 
argillaceous or filiceous earth appears to be contained, I am in- 
clined to believe, that it generally facilitates the fufion, not 
merely by uniting with thofc earths, but by uniting with that part 
©f the ore which is mod perfectly calcined, and leaft difpofed to 
metallifation ; fince wc know, that by mixing a calciform or 
roafted ore of iron with calcareous earth, without any inflame 
mable matter, thefe two fubftances may be totally vitrified. See 
Experiments made upon Quicklime, and upon Iron, hy Mr. Brandt , 
in the S'-wediJh Memoirs for the years 17 and 1791. Calcareous 
earth does indeed fo powerfully facilitate the fufion of iron ores, 
that it deferves to be confidered whether workmen do not gene- 
rally ufe too great a quantity of it, in order to- haften the opera- 
tion. For when the fcoria is rendered too thin, much earthy or 
unmetallized matter is precipitated, and the caft-iron produced 
is of too vitreous a quality, and not fufficiently approximated to 
a true metallic ftate. 

Some authors pretend, that a principal ufe of the addition of 
lime-ftone in the fmelting of iron-ores is to abforb the fulphur, 
or vittiolic acid, of thefe ores; but, as we have already obferved, 
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united with oils, and may render thefe mifcible with water, 
they hare generalifed the name of foap, and the beft chemiib 

give 

a hepar of folphor is formed by that mixture of calcareous earth 
and fulphur, which is capable of diffolving iron in a metallic 
flate ; and thus the quantity of metal obtained from an ore not 
fafficaendy divefted of its fulphur, or vitriolic acid, (which, by 
uniting with the fuelj is formed into a folphor during the fmelt- 
ing) muft be considerably diminilhed, though rendered purer by 
addition of calcareous earth: hence the udlity appears of pre- 
rioully expelling the fulphur and vitriolic acid from the ore by a 
fuffident mailing. 3. The fcoria of former fmeltings is n*e- 
quently added to affifl the fufion of the ore ; and, when the fcoria 
contains much iron, as fomedmes happens in ill-condu&ed ope* 
rations, it aifo encreafes the quantity of metal obtained. 

The quantity of thefe fufible matters to be added varies ac- 
cording to the nature of the ore ; but ought in general to bfe 
fach, that the fcoria ihall have its requisite degree of thinnefs, 
as is mentioned above. 

The fuel ufed in moft parts of Europe for the fmeldng of ores 
of iron is charcoal. Lately, in feveral works in England and 
Scotland, iron-ore has been fmelted by means of pitcoal, pre- 
viously reduced to dnders or cooks, by a kind of calcination 
Similar to the operadon for converting wood into charcoal, by" 
which the aqueous and fulphureous parts of the coal are expelled, 
while only the more fixed bituminous parts are left behind. In 
France pitcoal not calcined has been tried for this purpofe, but 
unfuccefsfully. The ufe of feat has alfo been introduced in fbme 
parts of England. 

The quality of the iron depends confiderably upon the quality 
and alfo upon the quantity of the fuel employed. Charcoal is 
fitter than coaks for producing an iron capable of being rendered 
malleable by forging. 

The quandty of fuel, or the intensity of the heat, mud be 
fuited to the greater or lefs fufibility of the ore. Sulphureous 
and other ores eafily fufible, require lefs fuel than ores difficultly 
fofible. In general, if the quantity of fuel he too finally and the 
heat not fufficiently intenfe, all the iron will not be reduced, and 
much of it will remain in the fcoria, which will not be fufficiently 
thin. This defe& of fuel may be known by the blacknefs and 
compa&nefs of the fcoria, by the qualities of the iron obtained, 
which in this cafe is hard, white, light, intermixed with fcoria. 
Smooth in its texture, without feales or grains, rough and convex 
in its forface, and liable to great lofs of weight by oeing forged : 
and, laftly, it may be known by obferving the color and ap- 
pearance of the drops of metal falling down from the fmelted 
me, and of the fcoria upon th p furfacc of the fluid metal, both 

which 
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give it now to all combinations of any faline fubftances with 
oils, rendered mifcible with water by means of thefe faline 
, fubftances 

which are darker colored than when more fuel is ufed. When 
the quantity of fuel is fujficieritly large , and the heat is intenfe 
enough, the iron is darker-colored, denfer, more tenacious, con- 
tains lefs fcoria, and is therefore lefs fufible, and lofes lefs of its 
weight by being forged. Its furface is alfo fmoother and fome- 
what concave ; and its texture is generally granulated. The 
fcoria, in this cafe, is of a lighter color and lefs denfe. The 
drops falling from the fmelted ore, and the liquid fcoria in the 
furnace, appear hotter and of a brighter color. When the quan~ 
tity of fuel is too great, and the heat too intenfe, the iron will 
appear to have a ftill darker color, and more confpicuous grains 
or plates, and the fcoria will be lighter, whiter, and more fpungy. 
The drops falling from the fmelted ore, and the fluid fcoria, will 
appear to a perfon looking into the furnace through the blait- 
hole to be very' white and fhining hot. The quantity of char- 
coal neceffary to produce five hundred weight of iron, when the 
ore is rich, the furnace well contrived, and the operation fkii- 
fully conducted, is computed to be about forty cubic feet ; but 
is much more in contrary circumftances. 

The time , during <wbicb the fluid metal ought to be kept in fufion 
before it is allowed to flow out of the furnace, muft be alfo attended 
to. How long that time is, and whether it ought not to vary ac- 
cording to the qualities of ores and other circumftances, I cannot 
determine. In fome works the metal is allowed to flow out of ihc 
furnace every fix or eight, and in others only every ten or twelve 
hours. Some workmen imagine, that a confidcrable time is necef- 
fary for the concoftion of the metal. This is certain, that the 
iron undergoes fome change by being kept in a fluid (late ; and that 
if its fufion be prolonged much beyond the ufual time, it is ren- 
dered lefs fluid, and alfo its cohefion, when it becomes cold. Is 
thereby greatly diminiihed. The Marquis de Courtivron fays, 
that the cohefion may be reflored to iron in this ftate, by adding 
to it feme vitrefcible earth, which he confiders as one of the con- 
diment parts of iron, and which he thinks is deflroyed by the 
fufion too long continued. That the fufibiliiy of caft iron does 
depend on an admixture of fome vitrefcible earth, appears probable 
from the great quantity of fcoria forced out of iron during its con- 
verfion into malleable or forge J iron, and from the Iofs of fufibility 
which it fuffers nearly in proportion to its lofs of fcoria. The 
quantity of iron daily obtained from fuch a fnrnace as is above 
deferibed, is from two to five tons in twentyTour hours, accord- 
ing to the richnefs and fufibility of the ore, to the conllrultion of 
the furnace, to the adjuftmenc of the due quantity of flux and of 
fuel, and to the (kill employed in conducing the operation. 
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fub/Iances. The vegetable kingdom contains many fuch 
ialine, oily combinations foluble in water. All vegetable 

acids. 

The quality of tbi iron is judged by obferving the appearances 
during its flowing from the furnace; and when it is fixea and cold. 
If the fluid iron, while it Aows, emits many and large fparkles ; 
if many brown fpots appear on it while it is yet red-hot; if when 
it is fixed and cold, its corners and edges are thick and rough, and 
its furface is fpotted ; it is known to have a red-fhort quality. If, 
inflowing, the iron feems covered with a thin glafly cruft, and if, 
when cold, its texture be whitifh, it is believed to be cold-fhort. 
Mr. Reaumur fays, that dark-colored caft-iron is more impure than 
that which is white. The Marquis de Courtivron is of a contrary 
opinion. But no certain rules for judging of the quality of iron 
before it be forged can be given. From brittle caft-iron, fome- 
times dtlftile forged iron is produced. Caft-iron with brilliant 
plates and points, when forged, becomes fometinaes red-fhort and 
fometimes cold-fhort. Large fhining plates, large cavities called 
tyes, want of Sufficient denuty, are almoft certain marks of bad 
iron; but whether it will be cold or red-fhort cannot be affirmed 
dll it be forged. Whitenefs of color, brittlenefs, ciofenefs 
of texture, and hardnefs, arc given to almoft any caft-iron by 
fiadden cooling ; and we may obferve, that in general the whiter 
the metal is, the harder it is alfo, whether tbefe properties proceed 
from the quality of the iron, or from fudden cooling ; and that, 
therefore, the darker-colored iron is fitter for being caft into moulds, 
btcaufe it is capable in fome meafure of being filed and polifhed, 
efpecially after it has been expofed during feveral hours to a 
red-heat in a reverberatory furnace, and very gradually cooled. 
This operation, called by workmen annealing , changes the texture 
of the metal, renders it fofter, and more capable of being filed 
than before, and alfo confiderably lefs brittle. 

Mr. Reaumur found, that by cementing caft-iron with abforbent 
earths in a red- heat, the metal may be rendered fofter, tougher, 
and consequently a fit material for many utenfils formerly made of 
forged iron. Whether cementation with abforbent earths gives 
•o caft-iron a greater degree of thefe properties than the annealing 
commonly pra&ifed, has not been yet determined. 

In Navarre, and in fome of the fouthern parts of France, iron* 
ore is fmelted in furnaces much fmaller, and of a very different 
conftru&ion from thofe above-deferibed. A furnace of this kind 
confifts of a wide- mouthed copper-caldron, the inner furface of 
which is lined with mafonry a foot- thick. The month of the 
caldron is nearly of an oval or elliptic form. The fp?ce or cavity 
contained by the mafonry is the furnace in which the ore is Smelt- 
ed. The depth of this cavity is equal to two feet and a half : the 
larger diameter of the oval mouth of the cavity is about eight feet, 
Vol.III. I ani 
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*cids, fluor or concrete ; eflential falts; faccharine juices; 
the extra&ive matter of plants, properly fo called, ai*e fapo- 

naceous 

and its fmaller diameter is about fix feet: the fpace of the far* 
nace is gradually contra&ed towards the bottom, the greateft dia- 
meter of which does not exceed fix feet : eighteen inches above 
the bottom is a cylindrical channel in one of the longer fides of 
the caldron and mafonfy, through which the no2zle of the bel- 
lows pafTes. This chartnel, and alfo the bellows-pipe, are fo in- 
clined, that the wind is dire&ed towards the lowed point of the 
oppofite fide of the furnace. Another cylindrical channel is in 
one of the fhorter fides of the furnace, at the height of a few 
inches from the bottom, which is generally kept clofed, and i • 
opened occafionally to give paffage to the fcoria ; and above this 
is a third channel, in the fame fide of the furnace, through which 
an iron inftfunient is occafionally introduced to llir the fluid 
metal, and to afliit, as is fald, the reparation of the fcoria from it. 
The greateft height of this channel is at its external aperture oil 
the ouifide of the furnace, and its fmaller height is at its internal 
aperture ; fo that the inftrument may be direded towards the 
bottom of the furnace ; but the fecond channel below it has a 
contrary inclination, that when an opening is made, the fcoria 
may flow out of ihfe furnace into a baton placed for its reception. 
When the furnace is heated fufficicntly, the workmen begin to 
throw into it alternate charges of charcoal, and of ore previoufly 
roafted. They take care to throw the charcoal chiefly on that fide at 
which the wind enters, and the ore at the oppofite fide. At the end 
of about four bouis a mafs of iron is collected at the bottom of the 
furnace, which is generally about fix hundred weight: the bellows 
are then ftopt; and when the mafs of iron is become folid, the work- 
men raife it from the bottom of the furnace, and place it, while yet 
foft, under a large hammer, where it is forged. The iroo produced 
in thefe furnaces is of the bed quality ; the quantity is alfo very con- 
siderable, in proportion to the quantity of ore, and to the quantity 
of fuel employed. In thefe furnaces no limeftone or other fubftance 
is ufed to facilitate the fufion of the ore. We fhould receive much 
mftru&ion conccrhing the fmelting of iron-ore, if we knew upon 
what part of the procefs or circumftance, the excellence of the iroo 
obtained in thefe furnaces depends; whether on the quality of 
the ore ; on the difufe of any kind of flux, by which the propor- 
tion of vitreous or earthy matter, intermixed with the metallic 
particles, is diminifhed ; on the forging while the iron is yet foft 
and hot, as the Marquis de Courtivron thinks ; or on fome other 
taufe, not obferved. 

The iron thus produced by fmelting ores is very fir from being 
It pure metal ; and though its fufibility renders it very ofeful for 
the formation of cannon, pots, and a great variety of utenflls, yet 
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toflcebus fubftances, or acid foaps. In many of thefe 
leaps, fuch as effential falts and vegetable acids, the faline 

part 

it wants the ftreogth, tooghneft, and malleability, which it is 
apable of receiving by further operations. 

Cad-iron feems to cootain a large quantity of vitreous or earthy 
meter mixed with the pure iron ; which matter is probably the 
chief caufe of its fufibility, brittlenefs, hardnefs, and other pro* 
pertiej by which it differs from forged iron. The fulphur, arfenic, 
sod other impurities of the ores, which are fometimes contained in 
aft-iron, are probably only accidental, and may be the caufes of 
the red-ihort quality, and of other properties of certain kinds of 
iron: bat the earthy matter above-mentioned feems principally to 
diftinguilh call- icon from forged or malleable iron; for, firft, by 
depriving the former of this earthy matter, it is rendered malleable, 
aj in the common procefs hereafter to be deferibed ; and, fecontjly, 
by filling malleable iron with earthy and vitrefcible matters, it 
Jofes its malleability, and is rellored to the ftate and properties of 
aft- iron. 

The earthy vitreous matter contained in call-iron con fids pro- 
bably of fome of the ferroginous earth or calx of the ore not fuf- 
ficiently metallifed, and alfo of fome unmetallic earth. Perhaps 
it is only a part of the fcoria which adheres to, and is precipi- 
tated with, the metallic particles, from which it is more and 
raorefeparated, as the heat applied is more intenfe, and as the fu- 
fion is longer continued. 

To feparate thefe impurities from call-iron, and to unite the 
metallic parts more clofely and compa&ly, and thus to give it the 
dftdility and tenacity which render this metal more ufeful than any 
other, are the effects produced by the following operations. 

The firft of thefe operations is a fufion of the iron, by which 
much of its imparities is feparated in form of fcoria ; and by the 
fecond operation, a further and more com pleat reparation of thefe 
impurities, and alfo a clofer compaction of the metallic particles, 
are effected by the application of mechanical force or preffure, by 
means of large hammers. 

Some differences in the conftru&ion of the forge or furnace, in 
which the fufion or refining of caft-iron is performed, in the me- 
thod of conducting the operation, and in fome ocher circnmtlances, 
areobferved to occur in different places* We ihall deferibe, from 
Saedenborgius, the German method \ 

The fufion of the call-iron, which is to be rendered malleable, is 
performed upon the hearth of a forge limilar to that nfed by 
blackfmiths : at one fide of this hearth is formed a cavity or fire- 
place, which is intended to contain the fuel and the iron to be 
melted : this fire-place is twenty inches long, eighteen inches 
broad, and twelve or fourteen inches deep ; it is bounded on 
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part predominates over the oily part, and they have therefore 
been confidered rather as falts, than as foaps. But the oil 

pontained 

three (ides by three plates of caft-iron placed upright ; and on the 
fourth fide, which is the front, or that part neareft to which the 
workmen ftand, by a large forge-hammer, through thp eye of 
which the fcoria is at certain times allowed to flow. The floor alfo 
of the fire-place is another call-iron plate. The thickncfs of thefe 
plates is from two to four inches. One of the upright fide-plates 
refts againlt a wall, in an aperture through which a copper tube, 
called the tuyere , is luted with clay. This tube is a kind of cafe 
or covering foi\ the pipe of a pair of bellows placed behind the 
wall, and its direction is therefore parallel to that of the bel- 
lows-pipe ; but it advances about half a foot further than this 
pipe into the fire-place ; and thus gives greater force to the air, 
which it keeps concentrated, or prevents the divergency of the air f 
till it is required to ad. The tnbe refts upon the upper edge 
of the fide-plate which leans againft the wall, nearer to the 
back part than to the front of the fire-place, and in fuch an oblique 
direction, that the wind {hall be impelled tdwards the furtheft part 
of the floor of the fire-place, or where this floor is interfered by 
the oppofite fidc-plate. The obliquity of the tuyere ought to 
vary according to the quality of the iron : and therefore, in every 
operation, it may be fhtfted till its proper pofition is found. The 
more nearly its direction approaches to a horizontal plane, the 
more intenfe is the heat ; but a larger quantity of fuel is confumed 
than is even proportional to the encreafe of heat, becaufe the 
flame is not then fo well confined. When the iron is eafily fufible, 
great heat is not required : the tuyere may then decline confider- 
ably from the horizontal plane, and thus fuel may be faved. Tbiq 
tuyere, though made of copper, a metal more eafily fufible than 
iron, is preserved from fufion by the conftant ptfTage of cold air 
through it. It muft be carefully kept open, and cleanfed from the 
fcoria, which would be apt to block its cavity, by which not only 
the heat would be too much diminifhed for the fuccefs of the ope- 
ration, but the tube itfelf would be melted. 

To prepare for the fufion, a quantity of fcoria of a former ope* 
ration is thrown into the fire-place, till one-third part of this be 
full ; and the remaining two-thirds of the fire-place are to be filled 
with fmaller fcoria, coal-duil, and fparks ejc&ed from hot iron. 
Thefe matters, being fufible, form a bath for the reception of the 
iron when melted. Upon this bed of fcoria, the mafs of cail-iroa 
to be melted is placed ; fo that one end of it (hall be within the 
fire-place, oppofite to the tuyere, and at the diftance of about four 
or five inches from its aperture ; and the other end (hall ftand with- 
out the fire-place, to be pufhed in, as the former is melted. The 
npper fide of the mafs of irqA ought to be in the fame horizontal 
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Cbtttaihed in all thefe compounds is rendered perfe£Uy mif- 
cible with water by means of the faline matter, and it is 
coniequently in a ftate truly faponaceous. 

Wt 

plane as the upper part of the orifice of the tuyere, that the 
wind may, by means of ihe obliquity of its courfe, iirike upon and 
nafs along the under-fide of the mat's : but if the iro» be difficultly 
fufible, the tuyere is to be difpofed more horizontally, fo that the 
wind fhall ftrike direflly upon the mafs of iron ; and that one part 
of the blaft (hall graze along the upper furface, and the other part 
along the under furface of the iron. The mafs of iron weighs gene- 
rally from two hundred to four hundred pounds. Sometimes two or 
three fmaller mafifes are put one above another, fo as not to touch. 
When thefe are of different qualities, the cold-lhort piece is placed 
onderraoft, that being more unfufible than the red-fhort. The 
iron being placed, charcoal -powder is thrown on both fidei, and 
coals are accumulated above, fo as to cover entirely the iron. 

The coals are then to be kindled, and the bellows are made to 
blow, at firil fiowly, and afterwards with more and more force. 
The iron is gradually liquefied, and Hows down in drops through 
the melted lcoria to the bottom of the fire-place ; during which 
the workmen frequently turn the iron, fo that the end oppofed to 
the blall.of wind may be equally expofed to beat, and uniformly 
fufed. While the coals are confumed, more are thrown on, fo 
that the whole may be kept quite covered. During the operation, 
a workman frequently founds the bottom and corners of the fire- 
place, by means of a bar or pokef, raifes up aiiy mafs of metal which 
he finds adhering to thefe, and expofes them to thegreateft heat, 
that they may be more perfectly fufed. 

When all the iron is fufed, no more coals are to be added ; but 
the melted mafs is to remain half uncovered for feme time; during 
which the iron boils and bubbles, and its furface fwells and rife* 
higher and higher. When the iron has rifen as high as the upper 
edge of the fire-place, the coals upon its furface mull be removed ; 
and by thus expofing it to cold air, its ebullition aod fwelling fub- 
fide. In this date, or cotiion, the iron is kept during half an 
hour or more, by adding occafionally pieces of good coal, which 
maintain a fufficient heat, without covering enure the furface of 
the mafs. During this co&ion, the workmen allow the orifice of 
. the tuyere to be half Hopped up by the fcoria, that the air may not 
blow upon the iron with all its force, by which it would be too 
much cooled. Accordingly, when they think that the co&ion has 
centinued fufficiendy long, they clear the paflage of the tuyere, 
and the mafs is foon cooled by the cold air. At the fame time 
aifo, they open a paflage in the eye of the hammer placed in 
the from of the fire-place, through which fome of the fcoria 
is allowed to flow out. When the iron has become folid, the bel- 

I 3 lows 


Digitized by t^ooQle 



SOAP 

We may alfo combine acids dirc&ly with oi!>, and thus 
may form artificially acid foaps. But thcic operations arc 

difficult, 

lows are ftopt, the coals are removed, and the mafs is left during 
an hour ; and then the workmen raife it from the fire-place, turn 
it upfide down, and proceed to the fecond co&ion or fufion of the 
iron. 

For this fecond operation, the mafs is to be fo placed, that one 
part of it (hall reft upon the tuyere, and the other upon the fcoria 
remaining in the fire-place. This, fcoria is to be difpofed in an 
oblique direftion parallel to the tuyere, by which means the wind 
of the bellows is obliged to pafs all along the under fide of the 
mafs of iron. About the fides of the mafs, charcoal-powder and 
bnmt afhes are thrown ; but towards the tuyere, dry and entire 
pieces of coals are placed to maintain the fire. When thefe 
are kindled, more coals are added, and the fire is gradually excited. 
The workman abends to the diredion of the flame, that it pafs 
equally along the under furface of the iron, quite to the further 
extremity, and that it do not efcape at the fides, nor be reverbe* 
rated back towards the tuyere, by which this copper tube might be 
melted. During this fuiion, pieces of iron are apt to be feparated 
from the mafs, and to fall down unfufed to the bottom and corners 
of the fire-place. Thefe are carefully to be fearched for, and 
expofed to the greateft heat till they are melted. When the whole 
mafs is thus brought into perfed fufion, the coals are removed, 
and the wind blowing on its furface, whirls and diflipates the 
fmall remaining pieces of fcoria, and fparks thrown out from 
the fluid iron. This jet of fire continues about feven or eight 
minutes, and the whole operation about two hours. In this 
fecond fufion the fcoria is to be thrice removed, by opening a 
paflage through the eye of the hammer. The firft time of re- 
moving the lcoria is about twenty minutes from the kindling 
of the lire; the fecond time is about forty minutes after the firft j 
and the third time is near the end of the operation. 

The mafs is then removed from the hearth, and put upon the 
ground of the forge, where it is cleanfed from fcoria, and beat 
into a more uniform ftiape. It is then placed on an anvil, where, 
by being forged, it receives a form nearly cubical. This mafs 
is to be divided into five, fix, or more pieces, by means of a 
•vedge ; and thefe are to be heated and forged till they are reduced 
to the form of the bars commonly fold. 

In fome forges, the iron is fufed only emee, and in others it 
fuffers three fuiions. by which it is laid to be rendered very 
pure. Where only one fufion is practifed, it is cailed the French 
method. In this, no greater quantity of iron is fufed at once than 
is fufficient to make one bar. The fire-place is of confiderably 
Ids dimciiuon.s, and cfpecially is lefs deep than in the German me- 
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4i fficnlr, and exhibit many fingular appearances, according 
to the ftate and nature of the acids and oils combined. 

Vitriolic 

chod above delcribed. The fire is alfo more intehfe, and the pror 
portion of fuel confumed to the iron is greater. The iron, when 
melted, is not kept in a ftate of ebellition, as is above defcribed ; 
hat this ebullition is prevented by ftirring the fluid mafs with an 
iron bar, dll it is coagulated, and becomes folid* 

By thefe operations, fufion and forging, the ifon lofes about 
jK parts of its former weight, fometimes more and fometimes 
Ids, according to the quality of the caft-iroq employed ; it is pu r 
rified from the vitreous and earthy parts which were intermixed 
with it, its metallic particles are more clofely compared, its tcx* 
lure is changed, and it is rendered more denfe, (oft and mallea- 
We, tough and difficuldy fufible. 

The degrees however of thefe qualities vary much in different 
kinds of iron. Thus fome iron is tough and malleable, both when 
it is hot and when it is cold. This is the beft and moft ufefui 
iron. It may be known generally by the equable furface of the 
forged bar, which is free from tranfverfe fiffures or cracks in the 
edges, and by a clear, white, fmail-graincd, or rather fibrous 
texture. Another kind is tough when it is heated, but brittle 
when it is cold. This is called cold-Jhort iron, and is generally 
known by a texture confifting of large, (hining plates, with- 
out any fibres. It is lefs liable to ruft than other iron. A third 
kind of iron called red-Jbort , is brittle when hot, and malleable 
when cold. On the furface and edges of the bars of this kind 
of iron, tranfverfe cracks or fiftures may be feen ; and its inter- 
nal color is dull and dark. It is very liable to ruft. Laftly, fome 
iron is brittle both when hot and when cold. 

Moft authors agree, that the red-fhort quality of iron proceeds 
from fome fulphur or vitriolic acid being contained in it, becaufe 
fulphur is known to produce this effe& when added to iron ; and 
becaufe the iron obtained from pyritous and other fulphurated 
ores has generally this quality. 

The caufe of the cold^fhort quality of iron is not fo well afeer- 
tained. Some imagine that it proceeds from a mixture of arfenic 
or of antimony. But this opinion feems to be improbable, when, 
we confider that thefe metallic fubftances may in a great meafure 
be diffipated by roafting, whereas the ores which yield a cold- 
lhort iron are injured by much roafting ; that no arfenic or anti- 
mony are obfervable in moft, if in any, of thefe ores ; and laft- 
ly, that thefe femi-metals would render the iron brittle both 
when hot and when cold. Cramer and other authors impute this 
virions quality to a mixture of an unmetal lie earth or vitreous 
matter, -and affirm that it may be deftroyed by cementation with 
phlogifton, and by forging. And laftly, others aferibe the cold- 
ftort quality of iron to a defeft of phlogiftqu, or, as Sucdenborgius 
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Vitriolic and nitrous acids, efpecially when well concen- 
trated, act lb powerfully upon all drying, fwee:, or eflential 

oil', 

fays, of fulphur. To afeertain the caufes of the bad qualities of 
iron, and to difeover practicable remedies, are Hill deiiderata in 
metallurgy. 

In one bar frequently two or more different kinds of iron may 
be offer ved, which run ail along its whole length ; and Icarcely 
a bar is ever found of entirely pure and homogeneous iron. This 
H difference probably proceeds from the practice we have mentioned 

cf mixing different kinds of ores together, in the imelting ; and 
alfo from the practice of mixing two or more pigs of call-iron of 
different qualities in the finery of thefe ; by which means, the red- 
fhort and the cold-fhort qualities of the different kinds are not, as 
we have already remarked, mutually counteracted or dedroyed by 
each other, but each cf thefe qualities is diminifhed in the mixed 
mafs of iron, as much as this mafs is larger than the part of the 
mafs originally polu-ffed of that quality : That is, if equal parts 
of red fhort and of cold-fliort iron be mixed together ; the mixed 
mafs will be only half as rcd-fhorc as the former part, and half as 
ecld-fhort as the latter. For thefe different kinds of iron feem as 
if they were only capable of being interwoven and diffufed dirough 
each other, but not of being intimately united or combined. 

Tic quality of forged iron may be known by the texture which ap- 
pears on breaking a bar. The bell and tougliclt iron is that which 
lias the molt fibrous tex.ure, arm is of a clear grevilh color. This 
fibrous appearance is given by the rciiftance w'hich the particles of 
the iron make to their rupture. The next bcil iron is that whoPe 
texture conliils of clear, whitifh, fmall grains, intermixed with 
fibres. Thefe two kinds are malleable, both w'hcn hot and when 
cold, and have great tenacity. Coi'J jbort iron is known by a tex- 
ture confiding of large, fhining plates, without lib, es : and red- 
port iron is dihingnilhed by its dark dull color, and by the tranf- 
verie cracks and tifiures on the furface and educo of the bars. 
The quality of iron may be much improved by violent compref- 
fon, as by forging \,nd rolling ; elpecialiy when it not long 
expofed iotoo violent heat, whicn is known to injure, and at length 
to dtliroy its metallic properties. 

Of the S M E L T I N G TIN-ORE S. 

The tin-ores commonly fin el ted, aic thofe which confnl of calx 
of tin combined with calx of arienic, and fometimes with calx uf 
iron. Thele are ci.hcr pure, as the tin-grains, or intermixed 
with fpars, ilones, pyrites, ores of copper, iron, or of othei me- 
tals. 

The impure ores muftbe cLanftil as much as is poifible from all 
Jtetcrogcneous matters. This cicanfu.g is more r.eceflary in ores. 
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ails, that they produce confiderable alterations. Nitrous 
acid inflames them, or, when not fufficiently concentrated 

to 

of tin than of any other Qietal, bccaufe in the fmelting of tin- 
ores a lefs intenfe heat mull be given than is fufficient for the fco- 
rificadon of earthy matters, left the tin be calcined. Tin -ores 
previoufly bruifed may be cleanfed By waftiing, for which opera- 
tion their great weignt and hardnefs render them well adapted* 
If they be intermixed with very hard ftones or ferruginous ores, a 
flight roafting will render thefe impure matters more friable, and 
conlequently fitter to be feparated from the tin-ores. Sometimes 
thefe operations, the roafting, contufion, and lotion, muft be re- 
peated. By roafting, the ferruginous pardcles are fo far revived, 
that they may be feparated by magnets. 

The ore, thus dean fed from adhering heterogeneous matters, is 
robe wafted in an oven or reverberatory furnace with a fire rather 
intenfe than long continued, during which it mull be frequently 
ftirred to prevent itsfuflon. By this operation the arfcnic is ex- 
pelled, and in fome works is collected in chambers built purpofe- 
ly above the calcining furnace. 

Laflly, The ore cleanfed and roafted is to be fufed , and reduced 
to a metallic Hate. In this fufion, attention mull be given to thp 
following particulars, i . No more heat is to be applied than is fuf- 
ficient for the reduftkm of the ore, becaufe this metal is fufible 
with very little heat, and is very eafily calcinable. 2. To pre- 
vent this calcination of the reduced metal, a larger quantity of 
charcoal is uled in this than in moft other fuhous. 3. Thp 
fcoria muft be frequently removed, left fome of the tin Ihould 
be involved in it, and the melted metal muft be covered with 
charcoal-powdcr to pi event the calcination of its furface. 4. No 
flux or other fubflance, excepting the fcoria of former fmcltings 
which contains fome tin, are to be added, to facilitate the fu- 
fion. 


SMELTING*/ ORES of LEAD. 

Ores of lead are either pure , that is, containing no mixture of 
other metal, or they are mixed with lilver, copper, or pyrites. 
The methods of treating ores of lead containing filver and cop- 
per, are deferibed in the articles Smelting cf Ores of Si lvek. 
and of C offer; and in the former of thefe articles, an inllance 
is given of the method of fmelting the ore of Rammellberg, which 
contains all thefe three metals. 

Pure ores of lead, and thofe which contain fo fmall a quantity 
only of filver as not tocompenfate for the expence of extrading 
the nobler metal, may be fmelted in furnaces, and by operations 
fimilar to thofe ufed at Rammellberg, or in the following methods. 
*• From the lead-ore of fVillacb in Carintbia , a great part of the 
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to produce tin* inflammation, it reduces them, as the 
vitriolic acid alfo does, into thick, rcfinous, and bitumi- 
nous 

lead is obtained by a kind of tliquaiicn, daring the roafting of the 
ore. For this purpofe, the ore is thrown upon feveral ftrata or 
layers of wood, placed in a calcining or reverberatory furnace. 
By kindling this wood, a gic.it part of the lead flows out of the 
ore, through the layers of fuel, into a bafon placed for its recep- 
tion. The ore which is thus roafted is beat into fmaller pieces, 
and expefed to a fecond operation fimilar to the former, by which 
more metal is eliquated ; and the remaining ore is afterwards 
ground, wafhed, and fmeltcd in the ordinary method. 

The lead of Willach is the pureft of any known. Schlutter 
aferibes its great purity to the method ufed in extracting it, by 
which the rpoft fuflble, and ccnfequcntly the pureft part of the 
contained lead is feparated from any lefs fuflble metal which hap- 
pens to be mixed with it, and which remains in the roalted ore. 
This method requires a very large quantity of wood. 

2. In England, lead-ores are fmelted either upon a hearth^ or 
in a reverberatory furnace , called a cupel. 

In the firft of thefe methods, charcoal is employed as fuel, and 
the fire is excited by bellows. Small quantities of fuel and oF 
ore are thrown alternately and frequently upon the hearth. The 
fufion is very quickly effected ; and the lead flows from the hearth 
as fall as it is feparated from the ore. 

3. In the fecond method pra&iied in England, pit-coal is ufed 
as fuel. The furnace is represented bv Fig. 14. and 15. Plate 
1 1 . The ore is melted by means of the flame pafling over its fur- 
face ; its fulphur is burnt and diflipated, while the metal is fe- 
parated from the fcoria, and collected at the bottom of the furnace. 
When the ore is well cleanfed and pure, no addition is requifite ; 
but when it is mixed with calcareous or earthy matrix, a kind of 
fluor or fuflble fpar found in the mines is generally added, to ren- 
der the fcoria more fluid, and thereby to afiill the ptecipitation of 
the metal. When the fufion has been continued about eight hours, 
a paflage in the fide of the furnace is opened, through which the. 
liquid lead flows into an iron cillern. But immediately before the 
lead is allowed to flow out of the furnace, the workmen throw 
upon the liquid mafs a quantity of flaked quicklime, which ren- 
ders the fcoria lo thick and tenacious, that it may be drawn out 
of the furnace by rakes. Schlutter mentions this addition of 
quicklime in the fmelting of lead-ores in England, but thinks that 
it is intended to facilitate the fufion of the ores, whereas it really 
has a contrary effect, and is never added till ne^r the end of the 
operation, when the fcoria is to be raked from the lurface of the 
xufta). 
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sous compounds. The a&ion of thefe acids appears left 
ftrong upon the fat oils, which do not dry, and are capable 

of 

Of the SMELTING of ORES */ SEMI-METALS, 

i 

Antimony is obtained by a kind of eliquation from the mine- 
rals containing it, as is defcribed in the article Antimony : and 
the regulus ot antimony is procured from antimony, by the pro- 
(:efle$ defcribed in the fame article , and in the article Regulus 
ef Antimony. 

Arsenic, Saffre, and Bismuth are obtained generally from 
one ore, namely, that called cobalt. The arfenic of the ore is fe- 
parated by roafting, and adheres to the internal furface of a chim- 
ney, which is extended horizontally about two or three hundred 
feet in length, and in the Tides of which are feveral doors, by 
means of which the arfenic, w hen the operation is finilhed, may 
be fwept oilt and collected. Thefe chimneys are generally bent, 
in a zig-zag direction, that they may better retard and Hop the 
arfenical flowers. Thefe flowers are of various colors, white, 
grey, red, yellow, according to the quantity of fulphur or other 
impurity with which they happen to be mixed. They are after- 
wards purified by repeated fublimations ; while fome alkaline or 
other fubflances are added to detain the fulphur, and to aflilt the 
purification. 

In the fame roafling of the ore by which the arfenic is expelled, 
the bifmuth, or at leaft the greateft part of this femi-metal which 
is contained in the ore, being very tufible, and having no difpo- 
fition to unite with the regulus of cobalt, which remains in the 
Ore, is feparated by eliquation. 

The remaining part of the roafted ore confifls chiefly of calx of 
regulus of cobalt, which not being volatile, as the arfenic is, nor 
fo eafily fufible as bifmuth is, has been neither volatilized nor 
melted. It contains alfo fome bifmuth, and a fmall quantity of 
arfenic, together with any filver or other fixed metal which hap- 
pened to be contained in the ore. This roafted ore being reduced 
to a fine powder, and mixed with three or four times its weight of 
fine fand, is the powder called faffre or zaffre. See Saffre. Or 
the roafted ore is fometimes fuled with about thrice its quantity 
of pure fand and as much pure pot^ih, by which a blue glafs, 
called fmalty is produced (fee Smalt), and a metallic mafs, called 
fpeif^ is collected at the bottom of the veftcl in which the matters 
are fufed. The metallic mafs or fpeifs is competed of very dif- 
ferent fubflances, according to the contents of the ore, and the 
methods of treating it. The matters which it contains at different 
times are, nickel, regulus of cobalt, bifmuth, arfenic, fulphur, 
copper, and lilver. 

Bifmuth is feldom procured from any other ores but that of co- 
balt. It might however be extracted from its proper ores, if a fuf- 
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©f forming with them true acid foaps. $ut all thefc 
matters have been but fu per fici. illy examined, and may be 
con fide red, by perfons dcfirous of extending chemical 
knowledge, as a new fubjedt. 

SOAP (COMMON). Common foap is a combina- 
tion of oil of olives with fixed alkali rendered cauftic by 

fide nt quantity of thefe were found, by the fame method by which 
it is obtained from cobalt, namely, by eliquation. 

Mercury, when native and inveloped in much earthy or 
other matter, from which it cannot be fen a rated merely by wa th- 
ing, is d i l* i lied either by afeent, or by defeent. When it is mi- 
neralifed by fulphur, that is, when it is contained in cinnabar, 
iome intermediate fubiiance, quicklime, or iron, mud be ad. 
ded in the didillation, to di '.engage it from the fulphur. Sec 
Cinnabar, h he rich ore of Almadcti ia Spain is a cinnabar, 
with which a calcareous done happens to be fo blended, that no 
addition is required to diiengage the mercury from the fulphur. 
The diliilkition is there pciioimed in a furnace confiding of two 
cavities, one of which is placed above another. The lower cavi- 
ly tiie lii e-place, and contains the feed, retting upon a grate, 
through the bars of which the air enters, maintains the tire, and 
pa ties into a chimney, placed at one tide of the tire-place, imme- 
diately above the door through which fuel is to be introduced. 
The roof of this fire-place, which is vaulted and pierced with fe- 
veral holes, is alfo the floor of the upper cavity. Into this upper 
cavity the mineral from which mercury is to be diflilled is introdu- 
ced, through a door i n one of the tides of the furnace. In the oppo- 
fi:c wall of this cavity are eight openings, all at the fame height. 
To each of thefe openings is adapted a file of aludels connected 
and luted together, extending fix ty feet in length. Thefe alu- 
dels, which are ea: then vcflels open at each end, and wdder in 
the middle than at either extremity, ^Ai.udel and Plate I.) 
arc fupported upon an inclined terras ; and the aludel of each 
tile, that is inoit diitant from the furnace, terminates in a cham- 
ber built of bricks, which has two doors, and two chimneys. 

When the upper cavity i^ tilled lulhciently with the mineral, « 
file is made below, which is continued during twelve or fourteen 
horns. The heat is communicated through the holes of the 
vaulted i oof of the nre-pla e to the mineral in the upper cavity, by 
which means the mercury »s volat’.lilcd, audits vapor pallcs into 
tie .«K. del., where muJi of it is conJcnfcd, a r.d the re It is dif- 
charged re. to the biick-ciiamber, in whLh i: circulates till it alfo 
is coi. denied. If any air or 1 niche panes through the aludels along 
With the vapor of the mercury, they civ. ape through the two chim- 
neys of the chamber. Three days after the operation, when the 
apparatus is futliciently cooled, the aludels are unluted, the doort 
of the chamber arc opened, and the mercury u collected. 

quicklime 
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quicklime. Soap may be made by feveral methods, which 
however all depend upon the fame principle. The foap 
which is ufed in medicine is made without heat in the fol- 
lowing manner. 

One part of quicklime and two parts of good Spanifti 
foda are boiled together, during a Ihort time, with twelve 
times as much water, in an iron caldron This lixivium, 
is to be filtered, and evaporated by heat, till a phial which 
is capable of containing an ounce of water, (hall contain an 
ounce and three gros of this concentrated lixivium. One 
part of this lixivium is to be mixed with two parts of oil of 
olives, or of fweet almonds, in a glafs or ftone-ware veflel. 
The mixture is to be ftirred from time to time with an 
iron fpatula, or with a peftle, and it foon becomes thick 
and white. The combination is gradually compleated, and 
in feven or eight days a very white and firm foap is ob- 
tained. 

Soap is made with heat in manufactures where large 
quantities of it are prepared. A lixivium of quicklime 
and foda is made, but is lefs concentrated than that above 
deferibed, and only fo much that it can fuftain a frefti egg. 

A part of this lixivium is to be even diluted, and mixed 
with an equal weight of oil of olives. The mixture is to 
be put on a gentle nre, and agitated, that the union may be 
accelerated. When the mixture begins to unite well, the 
reft of the lixivium is to be added to it, and the whole is to 
be digefted with a very gentle heat, till the foap be com- 
pletely made. A trial is to be made of it, to examine 
whether the juft proportion of oil and alkali has been ob- 
ferved. Good foap of this kind ought to be firm and very 
white when cold, not fubjcct to become moift by expofure 
to air, and entirely mifcible with pure .water, to which it 
communicates a milky appearance, but without any drops of 
oil floating on the lur face. When the foap has not thefe 
qualities, the combination has not been well made, or the 
quantity of fait or of oil is too great, which faults muft be 
correfted. 

In foft or liquid foaps, green or black foaps, cheaper oils 
are employed, as oil of nuts, of hemp, of fi(h, &c. Thefe 
foaps, excepting in confiftence, are not effentially different 
from white foap. 

Any fixed alkalis are much difpofed to unite with oils that 
are not volatile, both vegetable and animal, fince this union 
can be made even without heat. The compound refulting 
from this union partakes at the fame time of the properties 
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of oil, and of alkali ; but thefe properties arc modified afid 
tempered by each other, according to the general rule of 
combinations. Alkali formed into lbap has not nearly the 
fame acrimony as when it is pure ; it is even deprived of 
almoft all its caufticity, and its other falinc alkaline pro- 
perties are almoft entirely abolifhed. The fame oil con- 
tained in foap is lefs combuftible than when pure, from 
its union with the alkali, which is an uninflammable body. 
It is mifcible or even lbluble in water to a certain degree, 
by means of the alkali. Soap is entirely foluble in lpirit 
of wine, and Hill better in aqua vitae fharpened by a little 
alkaline fait, according to an oblervation of Mr. Geoftroy. 

When oil unites with alkali in the formation of foap, it 
is little altered in the connexion of its principles, for it may 
be feparated from the alkali by dccompofing foap with any 
acid, and may be obtained nearly in its original ftate. By 
the accurate inveftigation that Mr. Geoftroy has made of 
foap, by dccompofing it thus by means of ah acid, he 
found that two ounces of this compound confift of one 
ounce three gros and one fcruplc of oil, one gros and a 
lcruple of marine alkali deprived of all moifture, or twice 
the quantity of this fait containing the water of its cryftal- 
lization ; and, laftly, two gros and four grains of water. 
This latter quantity of water is neverthelefs variable, ac- 
cording to the condition of the foap; for it may be much 
more or much lefs dry. 

Concerning the dccompofition of foap by means of acids 
we muft oblerve, firft, that all acids, even the weakeft 
vegetable acids, may occafion this dccompofition, becaufe 
every one of them has a greater affinity than oil with fixed 
alkali. Secondly, theft acids, even when united with any 
bafts, excepting a fixed alkali, or the inflammable principle, 
are capable of occnhoning the fame dccompofition ; whence 
all ammonincal Ihlts, all lalts with bafis of earth, and all thofe 
with metallic bales, are capable of dccompofing foap, in 
the fame manner as diftngaged acids are; with this dif- 
ference, that the oil feparated from the fixed alkali, by th<* 
acid of theft fa'ts, may unite more or lefs intimately with 
the fubftai.te which was the bafis of the neutral fait erru 
plovcd for ih • dccompofition. 

Soap may alfo be decwmpoftd by diftillation, as Lemcry 
has dor-*'. When firft expoftd to fire, it yields a phlegm 
called bv him a lpirit; which neverthelefs is neither acid 
nor alku'hie, but foir.e water which enters into the com- 
pofition of foap. It becomes more and mure colored 
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ttttd etopyreumatic as the fire is cncreafed, which fhewi 
tkat it contains the moft fubtle part of the oil. It feems 
even to raife along with it, by help of the oil, and a&ion of 
the fire, a fmall part of the alkali of the foap : for, as the 
fame chemift obferves, it occafions a precipitate in a folu- 
tion of corrofive fublimatc. After this phlegm, the oil 
riles altered, precifely as if it had been didilled from quick- 
lime, that is, empyreumatic, foluble in fpirit of wine, at 
fird fufficiently fubtle and afterwards thicker. An alkaline 
refiduous coal remains in the retort, confiding chiefly of 
the mineral alkali contained in the foap, and which may 
be difengaged from the coal by calcination in an open fire, 
and obtained in its pure date. 

As all oils contain an acid more or lefs combined, which 
may alfo be more or lefs difengaged by the oil becoming 
rancid, by the a&ion of heat, or by combination with 
other bodies, probably a portion of the alkali of the 
foap. is faturated with the acid of the oil, efpecially after the 
diflillation of the foap. But this matter has not been fo 
well examined^ that we can affirm any thing concern- 
ing it. . 

Alkaline foaps are very ufcful in many arts and trades, 
and alfo in chemidry and medicine. Their principal utility 
confids in a deterfive quality that they receive from their 
alkali, which, although it is in fome meafure faturated 
with oil, is yet capable of a&ing upon oily matters, and 
of rendering them faponaceous and mifcible with water. 
Hence foap is very ufeful to cleanfe any fubdances from all 
fat matters with which they happen to be foiled. Soap is 
therefore daily ufed for the wafhing and whitening of linen, 
for the cleanfing of woolen-cloths from oil, and for whiten- 
ing filk, and freeing it from the refinous varnifh with which 
it is naturally covered. Pure alkaline lixiviums being ca- 
pable of didolving oils more effe&ually than foap, might be 
employed for the fame purpofes ; but when this activity 
is not mitigated by oil, as it is in foap, they are capable 
of altering and even of dedroying entirely by their caudi- 
ciry mod fubdances* efpecially animal matters, as filk, 
wool, and others : whereas foap clean fes from oil almoft 
as effectually as pure alkali, without danger of altering or 
dedroying, which renders it very ufeful. 

Soap furnilhes medicine with a very efficacious and valu- 
able remedy. Till lately, that Mrs. Stephen’s lithon- 
triptic remedy has been publ idled, phyficians attended little 
to the medicinal qualities of foap. They foon found that 
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leap, which is the principal ingredient of this famous 
remedy, is alfo the only one which has any real efficacy. 
And although this remedy has been found to be inefficient 
to difl’olve mod flones of the bladder, yet experience and 
obfervation have fufficicntlv evinced that it can prevent the 
enlargement, or even the formation, of Hones in perlons 
difpofed to that dilcafe; that it can, in a word, attenuate, 
divide, and expel the lloney particles generated in the 
urinary paffiigcs, and which aie the firfl mateiials of the 
Jlone. And accordingly foap is frequently ufed fuccefs- 
fully in thefe calls. \V hen f >ap was once difeovered to act 
fenlib! y on the glue or binding lubllancc of that urinary 
fund, gravel, and even of feme Hones, it was naturally 
in pooled to be capable of a; ting more powerfully on other 
thickened matters, which are i »o frequent caulcs of many 
obftinate difeafes. Thefe confederations have induced the 
belt practitioners to preferibe foap as a refolving, aperitive, 
and deobftruent remedy; and we are certain that it has 
been employed as fuch with great fuccefs. 

From the properties of foap we may know that it muft be 
a very elFcdluai and convenient anti-acid. It absorbs acids 
i*s powerfully as pure alkalis and abforbent earths, without 
having the cautlicity of the former, and without op- 
preffing the ftomaeh by its weight, like the latter. 

Laftly, w'e may perceive that foap mull be one of the 
bed of all antidotes to llop quickly, and wuth the leaft 
inconvenience, the bad effects of acid corrofive poifons, as 
aqua-fortis, corrolivc lublimatc, &cc. 

SOAP (STARKEY’s). 'l'his preparation is a com- 
bination of fixed vegetable alkali with cffential oil of 
turpentine. It is named from the inventor, a chcmift, called 
Starkey, who endeavouring to rcfolve the problem of the 
volatililation of fait of tartar, combined that alkali with 
feveral fubllanccs, and particularly with oil of turpentine, 
end remarked that from this latter mixture a faponaceous 
compound was formed, which has been fuppofed to po fiefs 
many medicinal virtues. It enters into the' compolition of 
pills, named alfo from Starkey. The belief of its good 
qualities has induced perfons to continue the preparation 
of this foap, and to endeavour, bur without fucccfs, to im- 
prove the proa fs. • 

Although fixed alkalis are not abfolutely inadlive upon 
clilntial oils, they cannot however unite as eafilywith thefe, 
as with fwcet oils, which are not volatile, li we attempt 
to combine any cflential oil, and particularly oil of tur- 
pentine. 
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pentine, with liquid fixed alkali, as in the preparation of 
ordinary foap, we (hall foon find that thefe two fubftances 
cannot unite, or only imperfe&ly, and in long time. Star- 
key found no other expedient for the preparation of hi$ 
foap than time and patience. His method, which is perhaps 
the beft of all, confifts in putting dry alkali into a inatrafs, 
and pouring upon it effential oil of turpentine to a height 
equal to the breadth of two or three fingers. In a long time 
the combination was compleated. In five or fix months a 
part of the alkali and oil are thus combined together, and 
form a fort of white faponaceous compound. This foap 
muft be feparated from the mixture, and more of it will be 
afterwards formed in the fame manner. 

Shorter methods have been fearched for the preparation of 
this foap, by feveral chemifts ; and amongft thefe is the 
illuftrious Stahl; who confidering water as part of the com- 
bination of every foap, and even that it is a medium by 
which the fait and oil are united together, diredls, that after 
having mixed oil of turpentine with very hot alkali, and 
having fhook them together, this mixture fhould be expofed 
inamoift place, that all the portion of alkali which does not 
unite with the oil may deliquiate, and be feparated from the 
part of the mixture that is combined; that this alkali fhould 
then be dried, and new oil poured upon it, as at firft ; and, 
laftly, that this method fhould be continued till the whole 
be reduced into foap ; and thus the operation will, as he 
affirms, be greatly fhortened. Neverthelefs, later chemifts, 
notfatisfied with this method of Stahl, have endeavoured to 
fimplify ftill more this operation. Mr. Rouelle the younger 
has publifhed, in the ^Journal de Medicine , that he has difeo- 
vered a more expeditious method than all thofe hitherto 
known for the preparation of this foap. Mr. Beaume has 
alfo publifhed in the Gazette de Medicine a method of making 
it in a few hours. It confifts in triturating, during a long 
time, alkaline fait upon a porphyry, and in adding to this 
fait, during the trituration, oil of turpentine. According 
to this able chemift, the thick refinous part only of this oil 
can truly combine with fixed alkali; and this combination 
is effected only while the more volatile and attenuated part 
of the oil is diilipated. For which reafon, according to him, 
a vei 7 great quantity of oil of turpentine is requifite for the 
formation of Starkey’s foap, which quantity of oil is inde- 
terminate, as, the more volatile and ethereal it is, the more 
of it is required; and alfo the trituration upon the por- 
phyry, by promoting the evaporation of the fubtle part of 
VoL.m. & K the 
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the oil, accelerates confiderably the operation of Starkey's 
foap. 

Another art i ft fays, in the Gazette de Medicine , that the 
operation may be much abridged, by adding to the new 
mixture a certain quantity of this foap ready made ; which 
correfponds with Mr. Bcaume’s opinion. Laftly, Mr, 
Beaume has found, that the addition of a little turpentine, 
or of ordinary foap, confiderably abridges the operation; 
and this alfo confirms his opinion, which feems to be very 
probable. We do not mean to blame the zeal of thelc 
chcmids in making fo many attempts to find a method oi 
preparing this foap quickly, but we confefs that the im- 
portance of the object does not feem adequate to theii 
trouble. For, in fa£t, what does it fignify whether this 
foap, not ufed in the arts, and but little in medicine, be 
quickly or flowly made? The eflential point is not that it 
be quickly, but well done. 

And to fpeak our fentiments freely, this preparation feems 
to be uncertain and ill-chofen. For, befides that the true 
foap of Starkey, that is, the intimate combination of ethereal 
oil of turpentine with fixed alkali, according to the ufual 
idea of it, is a thing probably impofiible ; we believe that we 
may affirm, that the faponaceous compounds obtained by any 
irr "hod of mixing oil of turpentine with fixed alkali do not 
Jong remain in the fame date, and by time neceffaiily un- 
dergo perpetual alterations. 

To be fully convinced of this truth, we may compare 
together not only thefe foaps made by different proceffes, but 
all’o the fame foap, a longer or fhorter time after it has been 
made, and we fhall find confidcrable differences in their 
color, fmell, and confidence. We fhall find that thofe 
deliquiate, and are partly rcfolved into liquor by the air, 
that have been made with a too ethereal oil, which is in- 
capable of laturating well the fixed alkali ; that others 
acquire by time a pitchy, yellowifh, femi-tranfparent and 
icfinous appearance, which contain too large a quantity of 
thick refiduum of oil of turpentine. Thofe foaps which 
leem to be the bed made, which contain a proper quan- 
tity of oil of turpentine, which are neither too ethereal nor 
too thick, preferve longer their white color and the con- 
fidence of true foap : But they nevcrthelefs participate more 
or lefs of the faults we have mentioned. Ladly, all thefe 
foaps are liable to contain a confidcrable quantity of a fort of 
neutral fait, formed by the acid of the oil of turpentine, 
united with a part of the alkali of . the foap. This fait 
- • • cryftallizes 
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cry/LUizes upon the furface, and even within the foap, 
which in time becomes quite penetrated and (luck all ovef 
with a faline efflorefcence. Thefe bad qualities and alter-? 
ations of Starkey’s foap cannot be avoided by any method* 
as they depend on the nature of eflential oils, which wo 
cannot change. Thefe foaps are known to contain a vola- 
tile and furperficially combined acid, which unfolds itfelf 
more and more, or which is engaged more intimately with 
a portion of oil, to which it gives a thicker confidence. 
We are no lefs certain that the mod ethereal part of eflential 
oils, or their fpiritus re<3or, is fo volatile, that however 
attentive we may be to preferve it, it will gradually difiipato 
in time : in a word, we know from experience, that ail 
eflential oils are drying, and are much more fpontaneoufly 
alterable than any others; and that thefe fpontaneous altera-r 
tions cannot be prevented by the imperfc& combination 
which they are capable of forming with an alkali- On the 
contrary, this alkali, by abforbing their acid, and by faci- 
litating the diflipation of their ethereal part, with which 
the alkali is not capable of forming a true union, can only 
haden the alterations to which the oil is naturally difpofed. 

From all this we ought to conclude, that Starkey’s foap 
is a difficult, uncertain, variable preparation, which is 
continually changing its nature, and confequentiy its medi-r 
cinal virtues. This latter inconvenience, although it weret 
the only one, would be fufficient to make us reject this 
preparation. And therefore, as is probable, a faponaceous 
fubdance, partaking of the properties of fixed alkali and of 
an eflential oil, would be ufcful in medicine; ordinary 
foap, incorporated extemporancoufly with any quantity of 
eflential oil which fliall be judged proper, might be fubfli- 
tuted indend of Starkey’s foap. See Oils (Essential). 
SOAP-ROCK, or Soap-stone. See Steatites, 
SODA, (r) 

SOLUTION. Solution confids in an union forme4 
by the integrant parts of one body with the integrant parts 
of anotheT body of a different nature; and as a new com- 
pound is the relult of this union, we hence' fee that 
folution is nothing elfe than the act of combination. 

(r) Seda Is a name given to the maritime plant kali , from the 
?(hes of which a confiderable quantity of mineral alkali may be 
obtained; and alfo to the afhes themfelves, or to an impure 
alkaline fait extracted from thefe. See Kali $nd Alkal; 

(Mineral). 
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As the integrant parts of one body cannot unite with thofc 
of another, while they adhere together ; therefore folution 
cannot be made till the aggregation of one of the two bodies 
at leaft is broken. And as bodies whofe aggregation is 
broken are neceffarily in a ftate of fluidity or of vapors, an 
axiom has been fermed, Corpora non agunt niji fent fluid a y 
or. Bodies do not act unlcfs they be fluid. 

The two bodies which unite in folution are ufually 
diftinguifhed by two different names. That body is gene- 
rally called the folvent which by its fluidity or acrimony 
appears to be active ; and the body which from its want 
of tafte or from its folidity appears to be altogether pafHve, 
is faid to be dijfolved. Thus, for example, when metal 
or marble is diiiblvcd in aqua-fortis, thefe folid bodies are 
confidcred as being dijfolvsdy and aqua-fortis as the folvent . 
But thefe expreflions ought not to be taken literally, for 
th*y would give a very falfe idea of what really happens 
in folution. On the contrary, we are certain that any 

two bodies, which unite together in folution, reciprocally 

cxcrcife their adtion one upon another, and that the union 
which refults from it is only the effect of the mutual ten- 
dency which they have to each other: that thus, in die 

examples mentioned, the marble and metal add: as much 
upon the nitrous acid as this does upon them; and that, 
if they differ in this rcfpect, that body, whofe fpecific 
gravity is greateft, acts moff ftrongly. Mr. Gellert, con- 
lidering the thing in this point of view, affedts to reprefent 
as fluents the bodies which are generally confidered as dif- 
folved , and lays, for inftance, that jand dijjblves alkali . 
Provided that we unueriland that the adtion of the com- 
bining bodies is mutual, it fignihes little that we name 
the one folvent , and the other the body dijfolved : and even 
as the word folution , taken in its moft proper fignification, 
expreffes the feparation of the integrant parts of a body, 
we feem to fpeak more clearly and accurately when we call 
that body the fivent , whole integrant parts are already 
feparated before the folution, and that the body dijfolved 
whofe integrant parts are only difunited during the acb of 
folution. 

As the folution cannot be effected unlefs one of the two 
bodies at leall be fluid, and as folid bodies only become 
fluid by the interpofition of the parts of fomc other fluid, 
fuch as water and watery liquors, or fire, hence the folu- 
tion may be made either by the humid or by the dry vuay. 
The fohitions in which the integrant parts of one of the 

two 
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two bodies, or of both, are diftributed in an aqueous fluid, 
as, for inftance, thofe of acids, are folutions by the humid 
i wjy; and thofe folutions in which one or both bodies ate 
rendered fluid by fire, as in vitrification, and in allays of 
metals with each other, are folutions in the dry way. 

The folution of bodies is not perfeft, unlefs each of the 
integrant parts of one body are united to one of the inte- 
grant parts of another. Hence if one of the two bodies 

trail fparent, we ought to have, after the mutual folution, 
a tranfparent compound, as happens in the folutions of 
calcareous ftones and acids, and of thofe of earths by al- 
kalis. As therefore the folution of foap in water is always 
a little opake and milky, it ought not to be confidered as 
complete. The fame may be faid of glafTcs that are not 
perfectly tranfparent. Their want of tranfparcncy always 
proceeds from the parts of the fand or flint not having 
been diffidently diflolved by the fait, or from their con- 
taining foine refra&ory matters, fuch as certain meta’lic 
calxes, particularly calx of tin, which refill the aclion of 
falts. 

As the folution of two bodies by one another can only be 
effected by the attradlion or tendency which their integrant 
parts have to each other, hence, after the folution, thefe 
parts are found to adhere together : hence alfo heavy bodies 
may be fufpended in the thinned and lighted liquids, when 
they are truly diflolved by each other. For indance, cor- 
rofive fublimate, which is very heavy, may be fufpended by 
fpirit of wine, which keeps it diflolved* although this liquor 
be very light. See Composition aw/ Combination. 

SOOT. .Soot is a collection of fubflances formed by 
the matter of the flame of inflammable bodies, but which 
have efcaped combudion, from not having fufficient contact 
with the air. This matter, which fixes itfelf to the internal 
furface of chimneys, is always of a black color, more or lefs 
brownifh. This color it receives from an oil that is burnt, 
and half reduced to the date of coal. 

As all inflammable bodies undergo a total decompofition 
during their inflammation, all the volatile principles which 
they contain, and even a part of the fixed principles, by 
means of thofe which are volatile, are raifed in vapors, fome 
part of which burns with flame, is totally diflipated and de- 
ftroyed, and another part is fublimed and adheres to the fird 
cold bodies which it meets. 

Soot is, as we have now obferved, the portion of flame 
which is reduced to black fmoke, and which has not been 
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inflamed from want of fufficient contact with air* For if 
the vapors exhaling from an inflammable body ftrongly 
heated were fo rarefied, that each of their parts fhould be 
altogether furrounded by air, they would all burn with 
flame, and then we (hould have no fmoke or foot, or at 
leaft this foot would not be black, and would contain no-' 
thing inflammable. For which reafon, the greater quantity 
of air is admitted amongft bodies which burn with flame, the 
lcfs fmcke and foot we have ; and alfo, the foot proceeding 
even from bodies of the fame kind mu ft be very different ac- 
cording to the manner in which they are burnt. In general, 
\ve can fay nothing that will be conftantly applicable to the 
nature and principles of foot, as its differences arife not only 
from the caufes above-mentioned, but alfo from the nature 
of the inflammable fubftances which produce it. Thus ve- 
getables, from which little or no volatile alkali is obtained, 
tnuft furnifli a foot different from that of animal matters ; 
and the foot of a pure oil muft be different from that of a 
plant containing all its principles. But thefe differences 
have not yet been obferved, becaufe chcmifts have not at- 
tended to this fubject. 

We know only that the ordinary foot of chimhcys has an 
acrid, bitter, empyreumatic, and difagreeable tafte ; that 
water can extract from it a dufky -colored matter, which 
fhews that it contains faiine, oily, Ihponaccous parts ; 
that i; is capable of being again burnt very vividly and with 
much flame, as when chimneys are let on fire. 

If this foot be diftilled in a retort, we obtain from it 
phlegm, volatile alkali, partly concrete and partly liquid, 
a black empyreumatic oil, and in the retort much coal re- 
mains, from which fixed alkali may be extracted by incine- 
ration and lixiviation. Some acid alfo may poflibly be ob- 
tainable from certain foots ; and generally towards the end 
of the diftillation, when the heat is irrong, a little fal am- 
moniac is fublimcd. 

As every foot, even that which proceeds from vegetable 
matters, contains a good deal of volatile alkali, we may 
infer, that the principles of vegetables fufFer, by combu- 
ftiem in ah open fire, changes fimiiar to thofc occafioncd by 
putrefaction. Bendes, the quantity of nxed coal which re- 
mains after the ciiriliation of foot, and which furnifhes a 
fixed alkali, together with much earth, by incineration, 
(hows that a very confiderablc quantity of the fixed princi- 
ples of inflammable bodies is carried off, and even railed to 
a great height, by means of their comb till ion with flame : 
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but, as wc have faid, foots are very different; and the 
matter is but little known, and requires further refearches- 
SORREL, (s) 

SPAR. Naturalifts and chemifts have given this name 
to certain cryftallized (tones, more or lefs trail fparent, which 
generally do not (trike fire with (teel, and which are found 
plentifully within the earth, but more efpecially in mines 
of metals. 

Undtfr this general name many (tones are comprehended ; 
bccaufe they have the general properties wc have mentioned, 
and becaufe they refemble each other by the form of their 
cryftallization, in which we always perceive (hining plates, 
like mirrors ; but fome of thefe (tones are very different 
from others. 

Some fpars are entirely foluble with effervefcence in acids, 
forming felenites with vitriolic acid, dcliquefcent falts with 
nitrous and marine acids, and convertible into quicklime 
by calcination. Thefe (tones are juftly called calcareous 
fcars. 

Others, although entirely fimilar to thefe in appearance, 
do not cffervefce with acids, are calcinable as gypfum and 
felenites are, and are, in fa£t, true felenites compofed of 
vitriolic acid and calcareous earths* Thefe fpars are eflen- 
tially different from the former, and are gypfeous or felenitic 

(P* n% 

Other fpars are neither calcareous nor felenetic, do not 
lofe their tranfparency in the (ire, and feem to be of th^ 
nature of talc . 

Lallly, a kind of (lone, cryftallized in mirror-like plates 
like a true fpar, is almoft opake, is indifToluble by acids, 
and is fo much harder than all other fpars as to be capable 
of linking fire with (teel. This (tone is fufible without ad- 
dition, by the a£lion of a violent (ire, into a femi-tranfpa- 
rent white matter. This feems to be the kind that Mr. 
Wallerius, Mr. Pott, and other German authors, call 
fujible /pars . They alfo mention another fpar which is 
compact, breaks like glafs, and melts without addition. 

fsj Sorrel. The leaves of this plant contain an acid fait 
which may be obtained from the exprefled juice by cryftallization. 
From twenty pounds of frcfh forrel leaves Neuman expreffed fix 
pounds of juice, from which two ounces, two drams and one 
fcrople of cryftallized fait, together with two ounces and fix drams 
of an impure faline mafs, were obtained. See Salt (Essential) 
9 / Sorrel. 
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From the defcriptions given by moft authors we cannot 
eafily difcover what they mean by fufible ipar, and by 
quartz-fpar . Thefe matters have not yet been fufficiently 
examined. 

From the properties of all the fubftanccs called fpars we 
may conjedture, that they are ftones of all kinds, very dif- 
ferent from each other, which being formed in metallic 
grounds, have contradled, either by the mixture of fomc 
metallic earths, or even by a metallifation begun in their 
own earth, fome properties common to all, or, at lead, 
to the greateft number. 

Thefe properties are, I. A certain form of Alining la- 
minae in their cryftallization, which appears even in thofe, 
the figure of whole cryftals feems Icaft difpofed to receive this 
form, as in thofe which are ftriated ; for fparry laminae are 
diicinguifhable at the extremities of the ftrix, or bundles of 
Aria', of which thefe fpars are compofed. 

2. A greater fpecific gravity than of all other ftones. 
Some fpars, efpecially thofe called heavy fpars , are fo very 
heavy, that they come near in this refpedt to metals. 

3. A greater fufibility than of other ftones j for, befides 
thofe fpars which are fufible without addition, the mixture 
of fpars facilitates the fufion of moft other earths and ftones, 
and they are accordingly ufed as fluxes in the fmelting 
of moft metallic ores. Probably for this reafon thefe ftones 
have been called f.uors by many mineralogills and metal- 
1 .1 r gifts. 

Laftly, many fpars are found colored by metallic princi- 
ples, and imitate the colors of the fcveral precious ftones, 
though they are lefs beautiful and vivid. 

We lhall not enter into a more particular detail concern- 
ing fpars, becaufe what is further known about them 
rather belongs to natural hiftory, than to chemiftry ; befides 
that our knowledge of fpars is not very diftindh (t) 

SPELTER, 

(t) Spars. This name is given to many Hones of different 
properties and appearances, which do not poftefs conftnntly any 
one common charadtcr or mark by which they may be certainly 
dilknguifhed from other Hones. In general, we may obferve, 
that they are ir.oft frequently found in mines, and that they ge- 
nerally conf.il of irnooih and Alining p!.;tes or laminae ; that fome 
are tranfparent, and others opake ; that fome are colorlefs, and 
others are colored j that they are cryftallized in various deter- 
minate figures, or poflefs no determinate fliape ; and, laftly, that 
they differ fo much in hardnefs, dcnf:ty, degree of fufibility* 
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iTER. Zinc is fometimes fo called. Set 

SPERMA- 

ir moft eflendal chemical properties, that they cannot 
red as forming a diitindt clal's of fofTil Jubilances. Wc 
wonder, therefore, that authors, efpccialiy thofe who 
een much accuftomed to the examination of foflil bo- 
d have given very confufcd and indillindl defcriptions 
Many of them have not been fufficiently examined; but 
which we have acquired fome knowledge, we (hall en- 
• diliinguiih into their (everal different kinds, 
eral (tones to which the name of fpar has been given are, 

’i ous , the gypfeous , the fiuors , and felt /par. 
arsons fpars are foft, heavy (tones, which have the com- 
lical properties of calcareous earth. Their texture is 
Some of them have no determinate figure, and 
n their form are called rhomboidal. Some fpars, called 
'-J par , have a pyramidal figure; but when thefe are 
leir fragments (how that they alfo confift of rhomboidal 

lomboidal fpars are tranfparent, others are opake ; fome 
:fs, and others are colored; lailly, fome of them have 
property of refracting doubly the rays of light which 
igh them, and thereby of reprefenting any objeCl; as, 
ce, the letters of a book, feen through it, double, 
has been called ijland cryflal, or ref rafting fpar. Its 
lac of an oblique parallelopiped, contained within fix 
ram fides and eight folid angles. Each of the obtufe 
the parallelograms is 101 degrees and 52 minutes; and 
e acute angles is 78 degrees and 8 minutes. Thefe are 
fioru given by Sir Ifaac Newton of the angles of the 
t refracting fpar. 

ous fpars may be difUnguifticd from others by effervef- 
acids. 

r eous or feltuitic fpars. Thefe are gypfeous earth, di- 
^ftallized. The form of the cryftals is rhomboidal. 
alfo called felenites and glacies Maria. Sometimes thefe 
le other forms. They are very heavy. See Sex.enites, 
ics Maria. 

argraaf has lhewn, that under this clafs are to be com- 
l thofe white opake fpars, which by calcination with in- 
; matters are capable of receiving a phofphoric quality, 
that of, the Bolognian (tone, which he alfo (hews, is a 
fpar. See the article Phosph oric Stones. 
trs. Of the fpars called Fiuors, we have treated under 
: Fwvor. 
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. SPERMA-CETI. (u) 

SPIRIT. The name of fpirit is given in general to aQ 
liquors obtained from fubftanees by diftillation. Spirits are 
of three principal kinds, namely, inflammable fpirits, acid 
Spirits , and alkaline fpirits. 

The clafs of inflammable fpirits includes the m oft vola- 
tile and thinneft part of elfential oils ; the principle of fmell, 
or the fpirit us rettor of plants ; and ardent fpirits , or the fpirit 
obtained from wine, beer, and all liquors which have under- 
gone the fpirit nous fermentation . 

In the lccond clafs are all acids obtained by diftillation of 
minerals^ vegetables, and of animals. Such are, r. The 
acids of fulphur, vitriol, alum, all which are the fame acid, 
namely, the vitriolic, and the acids of nitre and of common 
fait. They are called fpirit of fulphur , fpirit of vitriol , 
fpirit of nitre , &c. without fpccifying that they are acids. 
9. The acids of vinegar , and of all liquors which have un- 
dergone the acetous fermentation , and the acids obtained in 
the" diftillation of vegetables, and of certain animals, as 
flies, ants, Sec. Thefe fpirits are commonly called acid 
fpirits , as the acid fpirit of gui a cum, the acid fpirit of ants, 
dec. becaufe the fubftanees which furnifh them yield alfo 
fpirits that are not acid. 

e. Felt -f far, Spatum feint illans. This (lone differs from all the 
fortgoing, in being fo hard as to be capable of ftriking ignited 
fpinks from Heel. For which reafon it is referred by Cronftedt 
to the flliccous clafs of earths, and is by him called rlcmbic quartz ; 
becaufe the particles of which itconflfls feem to be parallelopipeds, 
each of which is contained within fix rhombic or rhomboidal 
ftdes. Its colors are various, white, grey, and red. 

Several ether foflil fubftanees conflll of large plates, and a/e 
therefore faid to have a /parry texture. Such are fome kinds of 
talks, of horn-blend, of quartz, of amianthus, and fome calci- 
form ores or metals, . 

(u) bPERMA-cfcTi is a white, flaky, unftuous fubftance, ob- 
tained from the heads of whales. It is altogether foluble in oils ; 
hat is not capable of being diffolved by cauftic alkalis, and of 
forming foaps, as other oily matters may. By diflillation it may 
be entirely railed, without leaving any rciidtium. From four ounces 
ct f'ncrma ceti three ounces and a half of oil, and a drachm and a 
half cf phlegm, were di alled. The oil diftilled is not black, 
lltid, and empyreumatic, like that of other animal fubftanees, 
but clear, yeliowifh, and of the confluence of butter. Sugar 
does not lender fperma-ceti perfectly mifdble with water : but 
iiii> in ay be better done by means cf yolks cf eggs. NeJkusrt. 

Laltly , 
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in the third clafs are liquid volatile alkalis, ob-* 
m fal ammoniac, from all vegetable matters which 
drgone a complete putrefa&ion, and from all ani- 
ters* They are generally called Spirits only, 
fpecifying their alkaline quality. Thus we fay, 
irit of fal ammoniac , fpirit of hartjhorn , &c. As 
hefe tubftanccs, particularly fal ammohiac, contain 
rid which may be obtained from them, we ought, 
mention this fpirit* to fpeci fy its acid quality, and 
t, for inftance, acid fpirit of fal ammoniac . 

IT (ARDENT), Ardent fpirit, called alfo 
wine, becaufe it can be only obtained from fub- 
r hich have undergone the vinous fermentation, is a 
t, very volatile, very fluid liquor, perfectly white 
>id, and of a ftrong, penetrating, agreeable taftc 

fpirit may be eafily inflamed, without being pre- 
dated* Its flame is light* white in the center, blue 
;es* and not very luminous. It is not accompanied 
fmoke or foot. It burns without noife* anil with- 
fuffbeating or other vapors. 

of wine perfe&ly pure, for of that I fpeak, burns 
with concurrence of free air, without leaving 
veftige Of coal, or of any faline, earthy Or other 

ugh fpirit of wine be altogether inflammable, it Is 
lefs mifcible with water without any intermediate 
d, and in all proportions, which is a fpecific cha- 
f this liquor ; for it is the only fubftance of the 
3 wn which is poflefled of thefe properties, 
it of wine be expofed to heat in clofc veflels, it does 
me, but is eafily reduced into vapors which pafs in 
on. Thefe vapors, when collected, are entirely the 
ritof wine as before diftillation, without having re- 
ny alteration or decompofition, however frequently 
ation may have been repeated. 

cer fays, that if fpirit of wine be burnt in a tubu- 
:ort, to which a large glafs receiver has been adapt- 
rill be changed into a very fubtlc vapor, which con- 
11 the receiver, and forms a liquor limilar to pure 

laave affirms, that when the vapor of burning fpirit 
: is collected by an apparatus of proper vdTels, it 
ng but very pure Water. 

The 
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The following are the principal properties of fpirit of 
wine relatively to other fubftances. 

It feems to have no fenfiblc action upon earths, or upon 
metallic matters, nor even upon many neutral falts ; ( x ) 

but 


(x) The degrees of folubility of many neutral falts in fpirit of 
wine are exaClly afeertained by experiments made by M. Macquer, 
of which an account is publillied in the Memoirs of the Turin Aca- 
demy. The fpirit of wine he employed was carefully freed from 
fuperabundant phlegm by repeated rectifications, without addi- 
tion of any intermediate fubftance. A phial which contained one 
Paris ounce of diftilled water when Reaumur’s thermometer was at 
fix degrees ab ve the freezing point, contained of this rectified 
fpirit fix gres and fifty-four grains. The falls employed in his 
experiments were previoufly deprived of their water of cryflal- 
lizaticn by a careful drying. He poured into a matr a fs, upon 
each of the falts thus prepared, half an ounce of his fpirit of 
wine, and fet the matrafs in a fand bath. When the fpirit be- 
gan to boil, he filtrated it while it was hot, and left it to cool that 
he might obferve the cryftallizations which took place. He 
then evaporated the fpirit and weighed the faline refiduums. He 
repeated thefe experiments a fecond time, with this difference, 
that inflead of evaporating the fpirit in which the fait had been 
digefted, he fet fire to it in order to examine the phenomena 
which its flame might exhibit. The principal refults of his ex- 
periments are fubjoined. 

Salts foluble in 2S8 
grains of Spirit 
Yitriolated tartar 


Quantity of 
o Grains 


— Nitre 




*5 


Salt of Sylvius 
Glauber’s fait 
Cubic nitre 


Peculiar Phenomena of 
of the Flame, 

None. 

f Flame larger, 

< more ardent, 

£ and luminous. 

C Large, ardent, yellow and 
\ luminous. 

Conliderably red. 

\ Yellow, luminous, de- 


higher, 

yellow 


o • Common fait 


o 

ic3 

2 4 

o 


288 


— { 


28S 


Vitriolic ammoniac 
Nitrous ammoniac 
Sal ammoniac 
Selenitcs 

Nitre with calcareous 
bafis 

{ Marine fait with cal- 
careous bafis 
Vitriol of ill v er 


l tonating. 

C Larger, more ardent, and 
( reddifh. 

None. 

more luminous. 


Whiter, 

None. 

Nor.c. 

J Larger, 


more luminous, 
( red, and decrepitating, 
t Like that of the calcare- 
{ ous nitre, 

N one. 
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acids* alkalis, and many oily fubftances it exhi- 
axkable phenomena. 

of wine unites with all acids ; and by this union 
ty of thefe is diminUhed. Accordingly, the acids 
lbined with fpirit of wine are called dulcified acids. 
rER of Raiel \ SnxiT of Nitre, and Spirit of 
Dulcified). 

hen it is mixed in certain proportions with concen- 
cids, and diftilled, at leaft, with moft of them, it 
sires from them, and produces upon them the fol- 
Jterations. 

>f all, fome of it pafles over dephlegmated as much 
i be without being effentially altered; afterwards it 
t of the water eficntial to it ; confequently the na- 
the remaining part is changed, and it is converted 
quor, the properties of which Ihew, that it is as 
proximated to the nature of oil as it is removed 
it of fpirit of wine. This liquor. Which is very 
I very volatile, is called cther y which is, according 
we nave faid, a fubftance exa&ly intermediate be- 
ient fpirit and oil. See Ether. 
this, the fpirit of wine, or its mixture with acids, 
all the chara&ers of oil, or rather becomes a ge~ 


Nitre of filver 

Luna cornea None. 

Vitriol of mercury None. 


Nitre of mercury None. 



Vitriol of copper None. 


More white, - luminous, 
and green, much fmoke. 
The falin erefiduum be- 
came black and burnt* 
Fine green, white and 



Cupreous nitre 


ne green, whit< 
red fulgurates, 


Cupreous marine fait 


tajatr accompanies the relation of his experiments with 
iicious reflections not eafily capable of abridgement. 

4 grains weft an acid matter. Thii Calt could not bt dried without 

on. a 


■Acids. 


Die 
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Acids on their Tides receive from fpirit of wine, efpc~ 
daily after the formation of ether, all the alterations which 
they ufually receive from oils with which they have been 
treated and diftilled. See Ether. 

Very ftrong and dephlcgmated alkalis a d fingularly upon 
fpirit of wine, and are even capable of decompoiing it, when 
affifted by a certain degree of heat. They deprive it, firft, 
of all its fuperabundant water, then of the water it contains 
as a principle, and, laftly, they reduce it to the condition 
of a true oil, without-making it pafs, as acids do, through 
the intermediate ftate of ether. See Tincture of Salt 
^/Tartar. 

Spirit of wine is commonly confidercd as the folvent of 
oils and of oily matters ; but properly it is the folvent only 
of one kind of oils. Thefe are the eflential oils and their 
concretions, fuch as balfams and refins ; all which fpirit of 
wine can diffolve. It attacks neither the fat oils nor the 
oily concretions analogous to them, as wax, butter, fat of 
animals, nor even certain fubftanccs which feem to partake 
more of the nature of true refin, as copal and bitumens. 
See Oils and Resins. 

When fpirit of wine keeps an oily matter diffolved, it may 
be leparated by diftillation, if the oily matter be not volatile, 
or by diluting the folution with a large quantity of water. 
This water, with which the fpirit has a greater affinity than 
with oil, unircs with it, and renders it incapable of keep- 
ing the oil dilTolved. Hence the oily matter feparates at 
Aril in very fmall globules, which are difperfed through the 
liejuor, and give it the white appearance of an emulfion ; 
and thefe globules "afterwards colled, forming more confir 
derable malTes, by which the liquor is rendered very clear. 

Thefe properties of fpirit of wine are advantageoufly ap- 
plied to extrad the eflential oils and refins of vegetable 
matters. 

Accordingly, by digefting in fpiiit of wine aromatic 
plants, for inflance, thyme, /avender, rofemary, &c. a 
fpirituous liquor is obtained, impregnated with the princi- 
ple of the fmell, and with the eflential oil of the plants. 
Thefe fpirituous aromatic waters, made by infufion, ferve 
for feveral purpofes in medicine. They arc generally cp- 
Jored by a part of the extradive matter of the vegetables, 
which the fpirit of wine alfo diflolves, or by fubftances of 
different colors which refide in the refinous fubftance. They 
fcave hence been called tinfturts. Sec Txncjtvre. 
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foliation is obtained from fpirituous tinftures a 
vine much impregnated with the principle of fmell, 

the thinneft and molt volatile part of the effential 
t free from all extracting* or coloring matter j 
hefe latter are not fufficiently volatile to rife with 
wine. This fpirit of wine is called by the general 
matte fpirituous dijlilled water , or only by the name 
, added to the name of the plant employed : hence 
es of lavender-water^ rofemary-water , &c. Waters 
made of feveral plants, and are diftinguifhed by 
r names, as vulnerary-water , imperial-water , &c. 
aters are intended for medicine and for the toilette. 

* find the details of thefe preparations in books on 
and particularly in Mr. Beaume’s Elements of 
u 

a tinfture has been diftilled, we may find at the 
if the veffel the refmous and extra&ive part which 
t of wina had dillolved. Thefe fubftances have 
le fcarcely any alteration, becaufe they have been 
only to a very mild heat. Thefe are extracts of 
ade by fpirit of wine. See Extract. 
lead of fubjedting to diftillation the fpirituous tine- 
vegetables, they be diluted with a large quantity 
, the refinous part may be very well obtained pure 
rate from the extractive part. This latter part 
nail y foluble in water as in fpirit, remains dilTolved 
landing the addition of water, while the former 
irates, as we have faid, and forms a refinous 

s method are obtained the refins of jalap, of fcam- 
f guiacum, and of many other vegetable matters ; 
e refins, not having undergone the action of fire, 
ltered, but remain in the fame Hate in which they 

\ the vegetables. 

of wine diflfolves alfo very well certain falts, as fal 
,c, corrofive fublimate, fedative fait, and perhaps 
hers which we do not know of ; becaufe this 
las not been much examined : but this fpirit has 
10 a&ion upon other falts, as common fait, Glau- 
, nitre, concrete volatile alkali, &c. It does not 
natters purely gummy and gelatinous, or, at leaft, 
es but a fmall quantity of them ; and as all thefe 
ire very foluble in water, and as water has a ftronger 
rith fpirit of wine than it has with thefe matters, 
s fpirit may be employed to feparate thefe matters 

from 
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from water. For this purpofe we need only to add a good 
deal of the fpirit of wine to the water, which keeps them 
diffolved : the fpirit then feizes the water, and obliges the 
gummy, gelatinous, and faline parts which it contained 
in folution to feparate from it. The reverfe of all this 
pafi'es in the feparation of oily and refinous fubftances from 
ipirit of wine by means of water. Spirit of wine coagu- 
lates the whites of eggs and animal lymph, by feizing upon 
the water which they contain. 

The fame may be faid of the coagulum formed by mixing 
fpirit of wine with concrete volatile alkali, diffolved by the 
fmalleft poftible quantity of water. This coagulum, which is 
formed fuddenly upon the mixture of thefe two liquors, 
and which is known in chcmiftry by the name Offa Helmontii 
is nothing elfe than a fudden cryftallization of volatile 
alkali, occafioned by the addition of fpirit of wine, which 
feizes the water in which that alkali was diffolved. The 
fame may be faid of the cryftallization of all falts, which 
may be inftantaneoufly effe&ed by the means of fpirit of 
wine. See Crystallization. 

From what has been faid concerning the diffolving power 
of fpirit of wine, we may judge of its great utility in che- 
miftry in extra&ions and feparations. It is particularly 
very ufefui in the analyfis of vegetables and animals by 
menftruums. By reflc&ing attentively on the properties 
of this folvent, many analylcs and feparations which tend 
to the progrefs and perfection of chcmiftry may be im- 
proved. 

We fhall finifh this article with fome reflexions on the 
nature of fpirit of wine. 

Stahl and moft chemifts believe, that fpirit of wine is 
compofed of a very attenuated and very light oil, in- 
timately united by means of an acid with a larger quantity 
of water than that which enters as a principle in the conv- 
bination of oil. 

Juncker, on the contrary, appears to admit no other in- 
flammable matter in fpirit of wine than phlogifton united 
with the aqueous principle by means of an acid. 

Laftly, Mr. Cartheufer pofitively advances, that fpirit 
of wine is compofed of pure phlogifton, not in an oily 
ftate, but immediately united with the watery principle 
alone. 

This diverfity of opinion amongft the ableft chemilb 
proves, that the true principles of fpirit of wine arc not 
yet perfectly known. This proceeds from the difficult) 

of 
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ofing it without an intermediate fubftance* and 
everal phenomena, fome of which feem to mew* 
not a true oil that enters as a principle into 
ifition of fpirit of wine, but phlogifton alone £ 
rs feem to indicate the prefence of a true oil 
the pureft fpirit of wine. 

rix the beft re&ified fpirit of wine with water* 
allow it to evaporate flowly in open air, we (hall 
:he furfoce of the water a certain quantity of oil ; 
/e feen above, that a true oil may be obtained 
of wine by treating it with acids, 
in* if we attend to the eflential and fundamental 
of fpirit of wine, to it^ perfect mifcibility with 
its flame, which is not accompanied with any 
-»ke, to the impoflibility of reducing it without 
ai the ftate of coal ; laftly, to this property* 
it is inflamed we obtain nothing from it but a 
ich bumf, and pure Water ; all which properties 
able to an oil properly fo called; We muft acknow- 
t not Gil, but pure phlogifton, is the inflammable 
>f fpirit of wine. We have reafon to believe, 
)fl Which is feparated from fpirit of wine by 
xtrarteous to it, and is only contained in fpirit 
[>ecaufe the means employed to purify this fpirit 
eicnt to deprive it of all oily matter; and alfo, 
LI obtained frbm mixtures of fpirit of wine with 
svidently an artificial oil, and produced in the 
as we may fee at the word Ethbr. 
it of wine contains a pure phiogifton very much 
and almoft difengaged, it adls upon the nervous 
2 all the fubftances which contain a very volatile 
ttenuated iriflammable principle# See Wive and 
ON. It is alfo very powerfully antifeptic : hence 
fuccefsfully employed to preferve from putrefac- 
?rs fufceptible of it. It is uHd topically in gan- 
id alfo for the prefervation of dead animals* or 
ilmals. (y) 

iff 


Reaufitur di fcovered, that a mixture of fpirit of wine 
acquired * fpeciflc gravity greater than would arith- 
efult from the proportions employed of each of thefe 
rhus 50 meafures of fpirit of wine and 50 meafures of 
:ed together, were found to make only 98 meafures. 
t progreffion the denfity is encreafed by mixing various 
JL pro- 
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See for the reflife cation and purification of fpirit of win / , 
Rectification. 

proportions of the two liquors, had not been determined till 
M. Brrjfhn made a fet of experiments with that view; an account 
of which is given in the Memoirs of the Academy of Sciences of 
Paris for the year 1769. Prom his experiments he has con-> 
ffrufted the following Table, which (hews this progreffion, and 
alfo enables us to difeover the proportion of fpirit of wine and 
water, in any given mixture of thefe (as brandies, rums, See.) 
the fpecific gravity of which is found to correfpond with any of 
the fpecific gravities in the Table. Thus, for inftance, if we find 
upon accurate trial, that the fpecific gravity cf the rum, brandy, 
or other mixture, whofe ftrength is required to be known, be to 
that of water as 942-J to ioco, we learn by infpe&ion of the 
Table, that this fpirituous mixture confifts of equal parts of water 
and fpirit of wine, of which fpirit the llrength is fuch, that its 
denilty is to that of the water as 837 to 1000. The ill column 
Ihews the proportion of well rectified fpirit of wine in the mix- 
ture; the 2d column Ihews the proportion of the water in the 
mixture; the 3d column fliews the fpecific gravity of the mix- 
ture ; the fourth column (hews the difference between the fpecific 
gravity of the mixture and that of the preceding mixture ; and 
the 5th column fhews the proportion which theleveral augmen- 
tations of denfity, caufed by penetration of the two liquors, have 
to each other, that is, their progreffion. 


Proportional augmen* 


Spirit of Wine. 

Water. 

Specific gravity. 

Difference*. 

tations of denfity from 






penetration. 

16 
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T of LIBAVIUS. See Liquor (Smok> 

r of NITRE. Spirit of nitre and nitrous 
ro names for the fame thing. For its properties. 
Nitrous). ' We {hall here explairi the manner 
; it, or of decompofing nitre in order to obtain 

acid, and fereral matters containing it, are 
:e fubftances employed for the feparatioh of 
d from the fixed alkali with which it is united 
ecaufe, in general, the former of thefe two acids 
than the latter. ’ In feveral ways nitrous acid 
ainedby diftillation ; which $ however, are funda- 
he fame, although they vary in fome circum- 
cording to the nature of the intermediate fub- 
loyed, and the required ftrength of the nitrous 

>ft frequent method of diftilling fpirit of nitre, 
n great worksj is to employ clay as an interme- 
ance. As this kind of darth contains vitriolid 
very proper for decompofing nitre, 
rts of dry and powdered clay are to be well mixed 
>art of nitre. This mixture is to be put into an 
are retort, placed in a reverberatory furnace. 
:tort a receiver is to be fitted, which is to be well 
I the diftillation is to be promoted by a gradual 
is very gentle at firft, and raifed towards the end 
hat the retort (hall be very red-hot. 

(tillers of aqua-fortis ufe very few precautions, 
lingly their fpirit is generally weak and impure. 
ic firft place, they employ nitre of the firft, or at 
tie fecond boiling, which contains always much - 
fait. Hence the acid which they obtain is mixed 
nfiderable quantity of fpirit of common fait. It 
lently a kind of aqua A regia. 
fecond place they do not dry well their clay, by 
ans their acid is weak ; although they always keep 
moft watery part which paflcs firft ; this they call 
ling it . 

the lute Which they ufe for joining their vcfTels 
rth formed into a pane with water, a part of which 
> the receiver, cfpecially when they unlute the 
id renders the fpirit of nitre turbid. But as almoft 
[ua-fortis which they make is for purpofes in which 
accuracy is not required as in chemical opera- 
L 2 tions. 
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e veflels are cooled, they are cautioufly to be 
d the liquor in the balloon is to be quickly 
• a clean and dry glafs bottle, through a glafs 
ich bottle ought to be quickly flopped with a 
e. This is the method of diftilling fmoking 
*e ufed by Mr. Beaume ; and it is a very good 
fmall earthen difli filled with fand, on which 
of the retort refts, is very ufeful to prevent the 
and too unequal application of heat, which 
? it certainly liable to be broken. The fat lute 
linfeed oil is not capable of being injured by 
flops very clofely. But as it remains always 
ires to be held by the linen foaked in lute of lime 
of eggs. 

>rs of this fmoking fpirit of nitre are very elaftic, 
:ly condenfible ; for which reafon the diftillation 
owly conduced, and muft be avoided in hot 
A brick wall muft be interpofed betwixt the 
I the balloon to prevent this veflel from being 
beated ; the balloon muft be covered with wet 
lently renewed, and even the fmall hole of the 
ft be) fometimes unftopped to give vent to the too 
too copious vapors ; otherwife the whole appa- 
1 bur ft with rxplofion. 

re perceive that the drops fucceed each other 
d that by unftopping the fmall hole, red vapors 
e length of a foot or more with a hilling noife; 
;n that the veffels are ready to burft. TRe heat 
be leflened, and the fmall hole muft be very 
unftopped, till the diftillation be much mo- 

vhen we pour the nitrous acid into the bottle, 
a be very careful not to ftand in the way of a cur- 
r, becaufe the vapors are very corrofive and 
For the fame reafon alfo, the mouth of the 
ght to be flopped as foon as the liquor is poured 
for the fumes continue in it more than twelve 

T (GLAUBER’S SMOKING) of NI- 
rlauber was the firft chemift who thought of 
utrous and marine acids by means of pure yitrio- 
By this method we may obtain a nitrous acid 
centrated ; and the procefs is more eafy, quick, 
aient than the preceding. This diftillation ought 
5 in the following manner. 

L 3 Very 
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xy the colors of fandy parterres. It is called the 
ItfliUtrs of aquafortis. 

iduumof the diftillation by vitriol contains vitrio- 
ir, mixed with a pretty large quantity of the 
irth of this vitriol. Vitriolated tartar may be 
obtained from it by lotion with water, which is 
to be filtrated, evaporated, and cryftallifed. A 
nartial earth remains, which is called colcot/jar 9 
arth of vitriol , after it has been fufficiently wafhed. 
ty remark upon this fubie&, that as the nitrous 
engaged from its bafis by the acid of vitriol, it 
urally to be applied to the martial earth of this 
ut as the nitrous acid adheres but weakly to iron, 
when this metal is calcined and deprived pf its 
, as it is in this operation, the heat that is em T 
nore than fufficient to difengage it, and to make 
irely in diftillation. 

the refiduum of the diftillation of fpirit of nitre 
r's manner, when no iron is mixed with it, forms 
te and very pure vitriolated tartar, which may be 
filtrated, evaporated, ^nd cryftallifed. 
fe refiduums generally contain alfo a little nitre, 
having been iuficiently in contact with vitriolic 
efcapea its a&ion, and is not decompofed. 

T (DULCIFIED) of NITRE. Dul- 
t of nitre is ? mixture of one part of nitrous acid 
parts of re&ified fpirit of wine, digefted to- 

x ) . 

ous acid a£$ powerfully on fpirit of wine, it is 
ronfiderably milder by this mixture. It is ufed 
rinally, and is confidered as aperitive, and power- 
:tic. It is added by drops to potions and juleps, 
jiven an agreeable acidity. 

TUS RECTOR. The fpiritus reftor is a 
lated, very fubtle principle, in which the fmeli 
riferous bodies peculiarly refj4es. 
lin the fpiritus rp&or from odoriferous fubftances, 
ers are to be diftilled in the cucurbit or body of 
: placed in a water-bath, with a very gentle heat, 
)m thirty to Uiirty-five degrees of Mr. Reaumur’s 

London and Edinburgh Difpenfatories diredl that the 
mid be diftilled. This operation ought to be perform- 
very (low, and gradually raifed fire, (hat explofionf 
vented, 

L 4 ther- 
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thermometer, till we perceive that what riles in dilbillatioii 
r.as little or no lm-ll. 

The principle of Imell in bodies is in general too fab tic 
and too tugHCiOus to be obtained alone and pure, by any 
method whatever. Accoidin.d v, it riles by means of the 
water con: un-:J in fubltancv : dutiilcd in ordir to procure 
it, and is cifj rnd and overwhelmed in water. If the odori- 
ferous m .tt.r' ficin which the fpiritus rtclor is required 
to be proc ..red, were al\olu:civ div, and contained no 
other \*. j./il.- principle*., a little wafer or fpirit of wine 
ought nvcuAfy to he added, to firnifh a kind of balls 
to this fpirit, which would otherwife be diffipated and eva- 
porated, fo that it could not be codec bed. 

This principle of the fine! I of bodies is mifcible with 
water, with fpirit of wine, and with oils. It fee ms how- 
ever to be of difbrcnt natures, according to the fub- 
flanccs which furniih it. Its o. opertics Drew that it is in 
general corn poled of an inflammable principle, and of a 
falint fubftance, both extremely attenuated. But the fpiritus 
rector of fomc fubftanccs appears to be more cf a faline, 
and that of others more of an oily nature. 

All matters, the I'm ell of which is quick, pungent, and 
which do not afAct the brain and nervous fvftem, as the 
acrid, cruciform plants, and jubilances which undergo the 
acid fermentation, contain a fpiritus rector probably more 
faline than oily. 

Thofe, on the contrary, whole fmc’l is fv/cet, r.aufeous, 
or ftrong, without acrimony or pungency, and which aflcct 
the head, by curing or oveafloning h\ llerical or convulfive 
accidents; fuch arc an : berg rife, m afk, cador, burnt coffee, 
opium, narcotic plants, camphor, all aromatic plants, and 
laftly, the fubiinnees which undergo the fpirituous fer- 
mentation ; have, according to all appearance, a fpiritus 
rector which partakes of the nature of oil. For beftdes 
that the An as product J bv the A fubilanccs are fnrfilar 
to thofe cf the vapor of charcoal, the fpiritus rector of feme 
of them is really iniiarnmabh ; as, for ir. itance, that of 
fraxinella, the exhalations from which, Arm an atmofphere 
that may be inflamed with a lighted taper. 

The fpiritus reclor of all aromatic plants feems par- 
ticularly to be a (foci a ted with their offer, till oils; at lcait, 
all there oil: contain a good deal of it. To this principle 
they certamly owe their fmell, raid probably their volatility 
and thinnefs ; for tholb which from age, or from not having 
been prdcrvvd in well-clcfcd vdleh, have loft their prop-.* 
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; at the tame time much lefs thin and volatile, 
f are no longer capable of being raifed by the 
oiling water ; and befides, the plants from which 
is re&or has been obtained, furnifh little or |u> 
11. See Oils (Essential). 
iritus reflor,. evejj that of aromatic plants, altho* 
an oily nature, is perfectly mifcible with water; 
n only proceed from its great tenuity, or from 
principle which enters its compofition. 

IT of SALT. The fpirit of fait, or acid of 
felt, can only be obtained by means of a fuffi- 
owerful intermediate fubftance, to difengage it 
native fixed alkali, which is the bafis of com-. 

, Vitriolic acid is the mod proper and moft 
termediate fubftance for the diftillation of fpirit 
It is employed, either engaged in a bafts with 
has lefs affinity, than with that of common fait 3 
n order to obtain Glauber’s fmoking fpirit of fait* 
try fpirit of fait is diftilled by the mixture of one 
ommon fait with two parts of dried clay, pre- 
the feme manner as we have deferibed^for the 
n of fpirit of nitre. See Spirit Nitre. Tho 
felt obtained by this method is white and not 
although it may be cpnftderably ftrong, if the 
lay have been previoufly well dried, 
ay obferve, that a fmoking fpirit of felt cannot b* 
by means of martial vitriol, calcined till it becomes 
> praclifed for the fpirit of nitre. I have tried 
:his diftillation; and although a very violent heat 
cd, ( yet very little marine acid was procured. The 
>n of this difference is, that marine acid diiTolves, 
are eaftly than nitrous acid, metallic earths de- 
their phlogifton, and adheres to them much more 
Hence, as foon as the marine acid is difen- 
>m its bafis by the acid of vitriol, it applies itfelf 
artial earth of this vitriol, which retains it with 
ire itrength tfian it is capable of retaining nitrous 

IT (GLAUBER’S SMOKING) */SALT. 
the ftrongeft and moft fmoking fpirit of felt, we 
;ed to employ as an intermediate the pure vftriolio 
Glauber has practiced. But this operation, efpe- 
teiijwe would have fpirit of felt* highly, conceft- 
i. very difficult and laborious, becaufe the vapor* 
h more difficultly condenfible than ^ my- others « 
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The following is the procefs fuccefsfully practifed by 
Mr/Beaume. 

Common fak is put into a tubulated ftone-ware or glafs 
retort, which is to be placed in a furnace for diftilling; 
and to this retort a balloon is to be fitted, exactly in the 
fame manner as for the diftillation of fmoking fpiritof nitre. 
See Smoking Spirit of Nitre. This apparatus is to be 
left till the lute has become firm ; then through the tubu- 
lated opening of the retort, by means of a glafs funnel, a 
quantity of rectified vitriolic acid previoufly diluted with 
a little water, equal to a third part of the weight of the 
fait, is to be poured at feveral different times, and the open- 
ing is to be clofed each time immediately after a part of 
the acid has been added. 

As foon as the vitriolic acid is added, we ftfc white 
vapors pafilng from the retort into the receiver. Thefe arc 
the fmoking fpirit of fait which this acid difcngages, even 
without fire ; for which reafon thefe firft vapors ought to be 
allowed to pafs, before the fire be kindled ; which ought 
not to be done till they are confiderably diminifhed, other- 
wife the diftillation would go on too faft at firft, and the 
vcffels might be broken. 

A very little fire is to be kept up in the furnace, and 
only as much as is neceffary to continue the diftillation, 
Laftly, the diftillation is to be conduced to the end with 
the fame attentions which we directed for fmoking fpirit of 
nitre; and when it is finifticd, the fpirit of fait is to be 
colledted in the fame manner. 

Betwixt this procefs and that by which a fmoking fpirit 
of nitre is obtained in Glauber’s manner, two eflential dif- 
ferences may be perceived. The firft is, that in this diftil- 
lation the vitriolic acid is not added till the vcffels are 
arranged and luted ; and hence a tubulated retort is necef- 
fary. The reafon of this is, that vitriolic acid difengages 
the acid of common fait without heat, and as foon as it 
touches this fait; and that the vapors which pafs out co- 
pioufly from the retort, by keeping the neck conftantly wet, 
render the application of the lute impofiible. When the 
lute happens during the diftillation to be deranged, it 
cannot be again repaired. The Ihorteft method then is 
to difeontinue the operation, and begin again. 

The fecond difference betwixt the diftillation of fmoking 
fpiritof nitre and fmoking fpiritof fait by means of vitriolic 
acid, is, that water is added in the latter diftillation, and 
not in the former. The reafon of this is, that the vapors 
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mtrated marine acid are fo much more diffi- 
indenfible than thole o'f nitrous acid* equally coo- 
, that if well concentrated vitriolic acid, and 
ted common fait be employed, almoft all the 
icid would be diflipated in vapors which would be 
fcarcely a fenfible quantity of liquor v/ould be 
, See Acid (Marine) for the properties of fpirit 
nd Salt (Common). 

efiduums of the diftillations of fpirit of fait contain 
r S fait. In that of the diftillation by means of clay* 
is confounded with much earth, and difficultly 
le. But die refiduum of the diftillation by vitriolic 
pure Glauber’s fait. This fait appears a white 
afs at the bottom of the retort. It ought to be 
in a crucible, that any remaining acid may be 
It is then to be treated by folution, filtration, 
tall izat ion. 

lis diftillation, Glauber firft difeovered the fait 
le afterwards examined, and called fal mirabjlc. 
ime is ftill continued ; fo that it is now called fal 
fal mirabile Glauber /, or Glauber's fait . See Salt 
jber. 

LIT (DULCIFIED) of SALT. Dulcified 
fait is made by mixing this acid with twice its 
>f re&ified fpirit of wine, and digefting this mixture 
month. 

is acid has much lefs difpofition than the vitriolic 
ous acids to combine with inflammable matters, 
>t be fo well dulcified as they can by fpirit of 

>rs differ much concerning the methods of dulcifi- 
The proportions are from two to five or fix parts of 
vine to one part of fpirit of fait. Some authors do not 
ether the fpirit of fait ought to be concentrated and^ 
, or not; others require that a fmoking fpirit* 
>e employed. Laftly, fome direct the diftillation of 
:ture, and others are contented with a fimple di- 
But in whatever manner the operation is per- 
the acid remains crude, and not much dulcified : 
Lilcified fpirit of fait is not ufed in medicine ; for 
es do not efientially differ from thole of dulcified 
nitre, which is infinitely milder, 
ne acid, although very concentrated and very fmok- 
ss not produce, when mixed with fpirit of wine, 
:ry inconfiderable heat and effervcfcence, and much 
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inferior to thofe occafioncd by vitriolic acid, and ftill more 
by nitrous acid; which difference proceeds from the little 
action marine acid has upon the principles of fpirit of wine. 

Thele two fubftances are but little altered by being 
mixed together : for Mr. Pott having combined a dulcified 
fpirit of fait with an alkali, obtained a regenerated fea-falt , 
which decrepitated upon hot coals, and precipitated lead 
and filver from their folutions in nitrous acid into corneous 
metals. Nevertheless, we arc certain that a part of the 
marine acid contracts an union, and even an intimate 
union, with fpirit of wine : for Mr. Pott relates, that 
having diftilled to drynefs the thick matter remaining after 
the moft fluid and volatile part of the mixture had been 
Separated, he found a black, reliduous coal, which cannot 
be obtained by diifilling any of thele two matters feparatcly. 
See Ether (Marine). 

SPIRIT of SULPHUR. Spirit of fulphur is no- 
thing elfe than vitriolic acid obtained from fulphur by 
burning. 

As fulphur cannot furnifh its acid but by burning, and 
as it cannot burn but in open vefTels and free air, we 
can therefore obtain but a fmall quantity of acid by this 
method. 

Before the acid of fulphur was known to be the fame as 
ordinary vitriolic acid, a fpirit of fulphur was prepared with 
great cxpencc and trouble, upon the fuppofiticn that it had 
peculiar properties. For this purpofe, fulphur was burnt 
in an open crucible, placed upon a Hand in an earthen difh 
filled with hot \vr ,T. A large capital or glafs-bell was 
fufpended above this difh. The acid of the burning ful- 
phur meeting the vapor of the hot water, united with this 
water, and fell down along the fides of the bell, or by the 
beak/ of the capital. By this method a very weak acid was 
procured, which was afterwards concentrated : but at pre- 
sent this operation is only performed to fhcvv, that the acid 
contained ill fulphur is not decompofed during combuftion, 
and that it is only one and the fame thing with vitriolic acid. 

The true method of obtaining much acid of fulphur, is 
to burn it in clofe vcflels by means of a fmall quantity of 
nitre, as it feems to be p radii fed in lome places. Set 
Clyssus. (a) 

spirit 

(a) The greatefl part of the vitriolic acid now employed is 
obtained by burning fulphur. The vapors of burning fulphur 
• are 
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IT tf VENUS. This name is given by 
to the acid of vinegar highly concentrated, ob- 
r diftilling verdegrife, or cryftals of verdegrife, or 
s, which are nothing elfe than combinations of 
ith acetous acid. 

iperation by which fpirit of Venus is obtained is* 
. Nothing more is required than to put verde** 
cryftals of verdegrife into a retort, one third part 
ought to remain empty, as is ufual : to this retort 
r is to be adjufted, and the diftillation begun with 
ntle fire : the firft portions of liquor which pafs 
5 fet apart, as they are nothing but phlegm : the 
n is to be promoted, by gradually augmenting the 
the retort begins to be red-hot, and nothing 
:om it. 

latile, vitriolic, or fulphuTeous acid. Thefe are very 
condenfible. For which reafon, very large vefiel* and 
le are required in this operation. In great works, 
ITels are nfed, called bou/es , of a prifmatic form, of 
; altitude is about ten feet, and the bafe, which is a 
is fix feet long and four feet broad. The bottom of 
efe veiTels is covered with a little water to affift the con- 
of the vapor. Above the water is placed a fmall vefiel 
F containing a few pounds of fulphur, to which a fmali 
nitre is added ; becaufe, by this addition, a larger quan- 
Iphur may be burnt without accefs of frefh air. The 
■ to be filled with the vapor of hot water, and their fide* 
ith the condenfed fleam : then the fu!phur is to be 
)y touching it with a red-hot iron : the vapor of the 
fulphur rifts (lowly ; and when it has rifen as high as 
i of the great vefiel, this muft be flopt, or very nearly 
t the vapor may be confined. The fulphur continues 
ill the air contained within the vefiel and the nitre be 
capable of maintaining the com bullion. The vapor 
i confiderable time before it be entirely condenfed, not- 
ing that this condenfation is facilitated by the water in 
, and efpecially by the fteam of water with which the 
previoufiy filled. When all the vapor of the fulphu- 
l is at laft condenfed, the fulphur is to be again kindled, 
added if it be necefiary, and the procefs repeated as be- 
hen a fufficient quantity of acid is colle&ed, it is to be 
of the vefiel ; and after it has loll its fidphurtous or vo- 
lity by expofure to air, it is concentrated and rectified 
tion. Set Acid (Vitriolic) Acid Volatilb Sul- 
s, and Concentration Vitriolic Acid. 

The 
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The aci< of vinegar pafies in this diftillation partly in 
white clouds, and partly in drops. This acid is very ftrong \ 
becaufe in general acids, which are combined with any 
body whatever, are , by that means deprived of all their 
fuperabundant water. Befides, as the acid of vinegar is 
fixed and retained in a certain degree by copper, it may be 
eafily depl egmated in the beginning of the diftillation. 

i he fpirit of Venus has a very vivid, pungent fmellf 
almoft as fufFocating as volatile fulphureous acid. The 
Count de J auraguais difeovered, that if this add be heat- 
ed in a wide-mouthed pan, and fire applied to it, it will 
burn entirely like fpirit of wine ; and leave no fefiduum. 
This expei iment, added to the obfervations made by Bee- 
cher and Stahl upon the produ&ion of vinegar, fhew, that 
fpirit of wine enters as a conftituent part into the compofition 
of this acid. The Count de Lauraguais alfo obferved, that 
fpirit of Venus well concentrated, eafily cryftallizes with- 
out addition ; apd this obfervation has been fince confirmed 
by the Marquis de Courtanvaux. See Ferment atiok 
(Acid), and Vinegar. 

As the laft portions of the acid of vinegar adhere pretty 
ftrongly to the copper in the verdigrife, and to the cryftah 
of Venus; and as we are obliged to give a ftrong degree 
of heat to expel them, they then raife along with them » 
fmall quantity of this metal, which gives a greenifh color 
to the fpirit of Venus ; but it is eafily freed from theft 
cupreous parts by a fecond diftillation with a very gentle 
heat ; and then it becomes very white. 

The acid of vinegar, thus concentrated, has many other 
properties worthy of attention ; amongft others, thofe of 
forming ether when diftilled with fpirit of wine. See 
Ether (Acetous), and Vinegar (Radical). 

We muft obferve, that when verdegrife is employed for 
the preparation of fpirit of Venus, we obtain very littlfc 
of thi-» fpirit, and that it is more oily than when it is ob- 
tained from cryftals of verdegrife, which furnifll nearly one 
half of their weight of the fpirit. 

After this diftillation, wc find in the retort the copper 
which hud been the bafis of the cryftals of verdegrife. This 
ivided into very fmall parts, which, however, 
are a^glu nated into lumps that are very friable. Its 
color i> blackilh, which proceeds from a covering of coal 
received from the oily matter of the vinegar, 
which i> (K compofed towards the end of the diftillation. 
Mr. Bcaume obferves, that this coal is eafily kindled by 
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ation of fire, and burns, like tinder, upon the 
the copper. 

pper, not having loft any of its phlogifton, may 
ifed into an ingot of red copper. We ought only 
ttle black flux, to prevent or repair the calcina- 
l may be made during its fufion. 

T WINE. Spirit (Ardent). 

T of VINEGAR. See Vinegar (Distil- 

T ^VITRIOL. This name is given to the 
ms of phlegmatic vitriolic acid which pafs in the 
i of vitriol, or in the concentration of vitriolic 
le name is given in general to every dilute vitrio- 

[T (VOLATILE) a/S AL AMMONIAC, 

tile fpirit of fal ammoniac is the volatile alkali 
: bafis of fal ammoniac, and that has been di fen- 
means of fome intermediate fubftance, which alfo 
from it fome of its oily principle, by means of 
was capable of a folid or concrete Abate ; hence 
is always liquid. 

termediate fubftances which have the property of 
; this alteration upon volatile alkali are ftony and 
alxes. If two parts of quicklime flaked in the 
minium, be mixed together with one part of fal 
:, and if this mixture be diftilled, a fluor volatile 
1 be obtained in form of a very quick and penc- 
irit- 

hlofier, in his Differtation on the Fufible Salt of 
fs, that the volatile alkali which ferves as a bafis to 
horic acid in this fait is always fluor, whether it be 
d by fire alone, or by any intermediate fubftance ; 
concrete volatile alkali combined with this acid 
' afterwards be obtained but in a fluor ftate ; which 
at the phofphoric acid has the property of taking 
tile alkali the matter by means of which it is cry- 
:. See for the properties of volatile fpirit of fal am - 
lLK.au (Volatile), and Ammoniac (Sal). 
VTITES. (b) 

STEEL. 


eatitis, Lafis 01 laris, or Soap-rock, is a mineral fub- 
a confluence intermediate between ftones and earths, 
of its properties it refembles clays, it is foft to the 
ty be formed into apafte with water, fufficiently du&ile 
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STEEL. Steel, confldcred chemically, is nothing elic 
than iron reduced by art to a particular ftate, which occaJ 
fions fome changes in its properties ; but thefe propertied 
Mrc cflentially the fame as thofe of iron ; that is, iron and 
ftcel are not two different metals, but the fame metal in two 
different ftates : therefore all the fundamental properties of 
fteel are mentioned under the article Irok. We (hall here 
only deferibe the method of making fteel, explain the theo- 
ry of that operation, and mention its differences from thofe' 
of iron. 

Staid, Cramer, and all good chemifts* iuftly confider 
fteel as an improved iron, which is poffefled of a larger 
quantity of inflammable principle, fo neceflary to all metals, 
and which really contains fewer heterogeneous, and more 
metallic, parts than an equal bulk of iron. We (hall be coit^ 
vinced of this truth by a defeription and explanation of the 
methods of converting iron into fteel, and by examining 
the chara6leriflic properties of fteel. ' 

Steel may be made by fuflon or by cementation. The 
firfl method is ufed to convert iron into ftcel immediately 
from the ore. All ores of iron are not ufed indifferently for 
this purpofe ; becaufe fome of thefe, which are therefore 
called ores of Jleel , are much fitter than others to furnifh 
good fteel ; and the fteel extracted from them is called 
natural Jletl . ( c) 

The 

to be worked on the potter’s wheel ; and by fire it is hardened 
fo as to ftrike fire with fteel. It alfo has the property of fuller’s 
oarth, in cleaniing cl oaths from greafe. But it does nor dtffufe 
in water fo well as clays do. And when digefted with vitriolic 
acid, it does not form alum, as clays do, bat a fait ftmilar to 
Epforo fait, hence it contains a large portion of the earth caUed 
Magnefia, as M. Margraaf has cli (cove red i See Magnesia* 
This fublUncc is fo foft as to be cut with a knife, or with a tool 
turned by a lathe. Accordingly it is, in fome places, made intn 
pots for the ufe of the kitchen, and hence is named Lafit •Harts, 
The Serpentine Jto*e % the nephritic jfonc, the fubftances called French' 
chalk . and Sfanijb chalk , are fo many kinds of Steatites* See 
Serpentine Stone. 

(c ) Steel is made fometimes dire&ly from the ore, but more 
frequently from crude or call-iron. Thefe methods of making 
ftcel arc not known in England, but are p.a&ifed in Sweden ana 
other parts of Europe. The procefs for making fteel from calk 
iron is thus deferibed by Swctk^borgius, as k vs performed in 
DaiMMliA. 

The 
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ier method of making fteel confifts in chufuig tho 
i iron, or that which is mod malleable, whether 
r cold; and impregnating this iron, with a larger 

from which the crude iron to be converted into fteel 
is of a good kind. It is black, friable, and compofed 
tail grains ; and it produces very tough iron. The 
into fteel is made upon a forge-hearth, fomething 
1 common. The iides and bottom are made of call- 
tuyere is placed, with very little inclination, on one 
plates. The breadth of the fire-place is 14 inches ; 
i greater. The lower part of the tuyere is 6 i inches 
ottom. In the interior part of the fire-place, there is 
opening for the flowing of the fuperfluous fcoria. 
len firft put fcoria on the bottom, then charcoal and 
:harcoal, and upon thefe the call-iron run or cut into 
. They cover the iron with more charcoal, and excite 
Phen the pieces of iron are of a red white, and before 
to melt, they flop the bellows, and carry the mafs 
je hammer, where they break it into pieces of three 
ids each. The pieces are again brought to the hearth, 
ithin reach of the workman, who plunges^ fome of 
lie fire, and covers them with coal. The bellows are 
»w flowly till the iron is liquefied. Then the fire is 
and when the fufion has been long enough continued, 
ire allowed to flew out ; and at that time the iron, 
rhe workman adds more of the pieces of crude iron, 
treats in the fame manner, and fo on a third and a 
:, till he obtains a mafs of fteel of about a hundred 
ich is generally done in about four hours. This mafs 
i carried to the hammer, where it is forged, and cut 
sees, which are further beat into fquare bars four or 
ig. When the fteel is thus forgfcd, it is thrown into 
it may be eafily broken ; for it is yet crude and coarfe- 
Phc fteel is now carried to another hearth fimilar to 
and there broken in pieces. Thefe pieces are laid 
1 the fire-place, firft two parallel, upon which feven 
hers are placed acrofs, then a third row acrofs the fe- 
ch a manner that there is fpace left between thofe of 
w. The whole is then covered with charcoal, and the 
id. In about half or three quarters of an hour the 
made hot enough, and are then taken from the fire, 
to the hammer, to be forged into little bars from half 
*> feet long, and while hot, are thrown into water to 
1 . Of theie pieces 16 or 20 are put together fo as to 
die, which is heated and welded, and afterwards forg- 
i four inches thick, which arc then broken into pieces 
nt length for ufe. 

I. M portion 
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portion of inflammable principle, by cementation alone, 
without fufion. 

To underftand well thcfe methods of making fteel, wc 
mufi attend to two eifential properties of iron. The 
iirft is, that of all metals it is the moft difficultly fufible i 
and that therefore although in the fmelting of its ores it* 
fufion be much affifted by the fulphureous parts of the ore 
itfelf, yet, as thefe parts are always expelled as much as is 
poffible, iron never enters into fo thin and perfect a fufion 
as the other metals. 

The fecond property of iron to which we ought to at- 
tend is, that the earth of this metal is capable of combin- 
ing with the inflammable principle, and of being metal- 
lifcd without fufion. 

Thefe things being premifed, it happens, in confequenc< 
of the former property, that, in the firlt fufion of ores 
of iron, we obtain only a hard and brittle iron, both frorr 
the fulphureous parts from which this iron is not entirel) 
difengaged, and from the prcfcnce of a greater or lefs quan- 
tity of earthy matters, which are cither unmctallic ; 01 
which, if they be ferruginous, have not been metallifed, 
from want of immediate contact with the ph log i lion of th< 
fuel. 

We may cafily perceive that thefe earthy parts, unmetal- 
lie or not metallifed, cannot be entirely Separated from the 
perfect iron, beeaule the fufion is not fufficiently thin foi 
that purpofe : but in proportion as th? iron is deprived ol 
fulphur, its fufion becomes more and more difficult, and w< 
are obliged to have recourle to another expedient than fu- 
fion to dif.ngage it from its earthy parts, which in the firfl 
Imelting remain intercepted betwixt the metallic parts 
J his expedient is the forge. The impure iron intended t< 
be rendered malleable is to be heated red-hot, and ftruck bj 
a very heavy hammer. 

J his pcreulucn, that iron foftened by heat fuftains 
P relies ftrongly, and folders or welds together the metallic 
parts, which alone arc capable of uniting together; anc 
obliges the unmctallic parts, which are incapable of unitint 
with the metal, to feparatc. By this operation thefe un- 
metallic parts are prviicu between the parts of the iron, 
and driven by degrees to the furiv.ee of the metal, froir 
which they are detached in form of dud and icales. Thi: 
treatment, which is a kind of kneading of the iron, is t< 
he repeated till it has acquired tiie proper degree of purit] 
and ductility. 

The 
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rations by which fteel is to be extra&ed from its 
entially the fame as thefe employed for iron j but 
from them in being much more exa£t ; that ait 
irer, more filled with phlogifton, and better dif* 
om its earthy parts, may be obtained, 
eed in this intention, much fmaller quantities 
ifed at once than when iron is to be extracted 
re. Pieces of the firft fufion are to be put into 
lied and covered with charcoal, and expofed to a 
it excited by ftrong bellows. Thefe pieces are 
fufed, and kept in fufion a longer or fhorter 
rding to the nature of the ore ; after which they 
forged, as iron is, but always in much fmaller 
1 till they are become perfe£tly duflile both when 
ben cold. Nothing then remains but to temper 
>f which we fhall prefently fpeak. 
operations, which are to be fcveral times repeat* 
n that is changed into fteel muft evidently be 
r 'purified, and furnifhed with a much greater 
* inflammable principle, than in the fmeltings 
5 of large quantities of iron. As the mafles of 
nail in thefe operations for the procuring of fteel, 
r are furrounded with a much larger proportion 
, the fufion is not only more complete, by which 
on of the earthy unmetallic parts' is much pro- 
: alfo a greater number of ferruginous parts are 
lifed ; and as all thefe parts of iron are in more 
ntaftwith the charcoal, which is capable of fup- 
m with inflammable principle, they receive the 
ntity of this principle, with which they can 

le obfervatio’n may be applied to the operation of 
pra&ifed upon fmaller mafles •, for the heteroge- 
i are much more eafily and copioufly prefled out 
affes than great. 

uft purification of iron, by which it is converted 
muft evidently be attended with confiderable lofs, 
ion, from the feparation of all its heterogeneous 
11 s diminution amounts to nearly one half of the 
the iron. This great lofs does not proceed alto- 
i the feparation of heterogeneous parts ; for in 
*ations ufed for this feparation, fome part of the 
Iways deftroyed and burnt, although all poflible 
s are taken to diminifh this inconvenience, by 
M 2 fecuring 
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fecuring the melted or red-hot metal from the conta& oi 
external air as much as is poflible. 

Artificial Jleel is made without fufion from iron read) 
forged. The chief point to' be attended to in the making 
of the belt artificial fteel, is^to chufe the iron which is mol 
perfect and moft malleable, either when it is hot or cold 
which quality always fhews that the iron is well purified 
It is firft to be forged into plates or bars, rather finall thar 
large, according to the works for which it is intended ; am 
it is then to be cemented with matters capable of giving 
to it much inflammable principle. The matters whid 
compofe this cement vary according to the ufes of differen 
manufactures. They are all good, provided they contair 
no fulphur, or vitriolic acid, which might form fulphui 
during the operation; becaufe fulphur, having much affi- 
nity with iron, would certainly unite with this metal, 
would entirely or partly fufe it, and would, by reducing 
it to a mineral or pyritous ftate, give to it qualities verj 
different from thofe which good fteel ought to have. 

The matters which enter into the compofition j>f the 
cement for fteel, are the coals of animal or vegetable fub- 
ftances mixed with afhes, calcined bones, and other matters 
of this kind. Mr. Cramer propofes thefe two following 
receipts of cements for fteel, which appear to be very 
good. 

T ake one part of powder of charcoal, half a part of w6od- 
afhes, and mix them very well together : or. 

Take two parts of charcoal, moderately pul verifed ; one 
part of bones, horns, hair or (kins of animals, burnt in 
clofe veflels to blacknefs, and powdered ; half a part of 
wood-afhes, and mix them well together. 

When fteel is to be made, the bars of iron are to be 
placed vertically in a cylindrical crucible, which ought to 
be three inches higher than the bars, and into which a ftratum 
of the cement of about the thicknefs of a finger has been 
previoufly put and prefled down. The bars ought to be 
about an inch diftant from each other, and from the fides 
of the crucible. The interfaces and crucible are then to 
be filled with cement, fo that the bars lhall be covered with 
about the thicknefs of two inches at leaft. The crucible, 
previoufly covered with a lid which fits it exa£Uy, and 
which muft be carefully luted with clay mixed with fand, 
is to be placed in a furnace where an equal fire is to be 
kept ; fo that the crucible (hall be red-hot during eight or 
ten hour : the iron will then be found to be converted 

into 


Digitized by 


s T E E L 

vhich will be lo much better as the iron em- 
of a better quality : it then only requires to be 
We may obferve, that in this operation the 
no diminution of weight, and no fcoria appear 
rface, as Mr. Cramer remarks. By the Vole 
lerefore, of a new quantity of phlogifton, the 
:s the quality of fteel. Thus, if this iron con- 
parts of martial earth which was not metallifed, 
entation they are metallifed, and the iron or 
sreby improved : but if the iron contained fome 
tallic parts, they are not feparated by this ope- 
ufe the metal has not been fufed : and as the 
iron which is ufually fold, is never lo well 
n thefe extraneous matters, as that which is 
ito fteel in the great works for procuring fteel 
of iron; hence, in general, artificial fteefmade 
ion is not fo perfect as that made by fufion. 
obferve that, in the cementation above de- 
iron combines with a part of the phlogifton of 
without fufion ; which effect proceeds from a 
>erty of the earth of iron, by which it is capable 
l with the inflammable principle, and of bein'* 
thout fufion, which is, nevertheJefs, neceffarv 
aion of all other metallic earths, 
which has received only the above-men tion-d 
differs from iron in its color, which is more 
own ; in its grain, which is finer and clofer • 
a greater ductility, flexibility, and foftnefs! 
t difference of ftecl from iron, which renders 
ible for many purpofes and arts, is the extreme 
rquires by being tempered. 

ation is very limple. It confifts in makin* 

, and then in plunging it fuddenly in cold 
an mftant all the qualities of this fteel are 
his tempering ; fo that from being very duaile 
ecomes fo hard and fo ftiff, that it is no Iom*-r 
:ing cut by the file, but is itfelf capable of 
:rcmg very hard bodies ; that it does not yield 
>cr, but may be fooner broken in pieces like 
be extended. It is fonorous, brittle, very 
capable of acquiring the moft lively and 
il poluh, as we fee in finely wrought toys of 

f this metal is very extenfive for numberlefs 
nd neceflary utenfils of all forts, of which 
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without it we (hould abfolutely be deprived : but what 
renders its ufe ftill more general is, that we can diverfify 
at pleafure its hardnefs and du&ility, by varying the temper, 
The hotter the fteel is when tempered, and the colder the 
water into which it is plunged, the greater hardnefs it 
acquires 5 but, at the fame time, it becomes fo much more 
brittle. This very hard temper is neceflary for certain tools 
defigned to cut very hard bodies. On the contrary, the 
left hot the fteel is when tempered, and the hotter the water 
is in which it is tempered, the lefs hard it becomes, and 
alfo the greater ductility it retains ; and hence many tools 
may be made of it fit for cutting bodies moderately hard, 
which tools are lefs liable to have their points broken, 
or their edges notched, than if they were made of a harder 
fteel. 

No other general rule can be given for the tempering 
of fteel than that we have mentioned. The proper degree 
of heat is always relative to the ule to which the tools to be 
made of this fteel are to be applied. 

Another very convenient property of fteel is, that after 
it has been tempered, it may be again un tempered and 
foftened to any degree that we think proper. For which 
purpofe we have only to heat it more or lefs, and to let it 
cool flowly. By this method we may foften the hardeft- 
tempered fteel. 

As the temper is a very effential point with regard to 
fteel, and that the beft is in general that which gives the 
greateft hardnefs, and deftroys the lcaft of the ductility of 
the metal, various fubftances are ufed, into which fteel 
to be tempered is plunged. Such are fuet, oil, urine, 
water impregnated with foot, with fal ammoniac, or with 
other falts. Thefe particular methods are the bafes of 
many fecrets in different manufactures ; their advantages 
cannot be afeertained without a very accurate and continued 
examination. Very intcrefting refearches. remain to be 
made on this fubjcct. 

Steel is ufually fold tempered, becaufe, in many manu- 
factures of it, tne cuftom is to temper it as foon as it is 
made, probably that the purchafers of it may be the better 
able to judge of its quality. When this fteel is to be ufed, 
it muft be untempered, that it may be extended, hied, and 
receive the form intended to be given to it ; after which 
each workman tempers it again in his manner. But we 
alfo find amongft merchants Englifh fteel in final! bars* 
which is not tempered, and which is very good^ 
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Well polifhed plates of fteel, put on a gentle fire of 
charcoal, acquire different colors on their furface, and pafs 
fucceflively through feveral {hades, as they become hotter, 
in the following order; white, yellow, orange, purple, 
violet, and laftly, blue, which difappears and leaves a 
water-color, if the fteel has been heated too much or too 
long. Thefe different fhades mark the degree of heat 
or of annealing applied to different tools or utenfils. The 
moft generally ufed {hade is the blue, fuch as that given to 
fteel fprings. 

One of the moft important properties of fteel is the mag- 
netic quality which it is capable of acquiring much better 
than iron. Good mariners compaffes cannot be made with- 
out needles of fteel. . 

From what we have faid, we may judge that fteel is 
much better purified iron than any other iron, impregnated 
with a larger quantity of inflammable principle, and 
hardened by the temper. Some celebrated natural philo- 
fophers, but who were not chemifts, have advanced, that 
fteel was only iron which ftill retained fomething of its 
mineral nature, and that its ftate was intermediate betwixt 
that of caft-iron and foft forged iron. But this opinion is 
manifeftly erroneous. They have been deceived by the 
hardnefs and brittlenefs of caft-iron, which are nearly as 
great as in fteel. But thefe qualities proceed from a remain- 
ing part of the mineralifing fubftances, which leave it a 
pyritous chara&er, very different from that of true fteel, 
fince this can only be hardened by the temper, and fince 
in the preparation of it all fulphureous matter muft be 
carefully avoided. The miftake of thefe authors proceeded 
from their ignorance of the inflammable principle, the proper- 
ties of which have been fo well explained by the illuftrious 
Stahl, and from their being led into an error by the old 
chemifts, who perpetually confounded phlogifton, or the 
pureft and fimpleft inflammable principle of all bodies, with 
iulphur, with fulphureous matters, and with moft other 
inflammable compounds. 

Steel may be unmade, or reduced to the ftate of iron, by 
a management fimilar to that by which it is made, that is, 
by cementation. But the cement ufed for this purpofe muft 
be compofed of fubftances entirely free from inflammable 
matter, and rather capable of absorbing it, as calcareous 
earth and quicklime are. By a cementation then with 
thefe matters, continued during eight or ten hours, fteel is 
jedy.ed to the ftate of iron. 
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Stahl confiders it as an undecided queftion, whether fteel 
be more fufible than iron, and fays, that the workmen c an- 
not decide it from the violence of fire neceflary to melt 
either of them. He believed with reafon, that this queftion 
might be decided by melting thefe metals in the focus of a 
burning fpeculum. Mr. Macquer fays, that by this 
piethod he found fteel much more fufible than iron (d). 
This greater fufibility of fteel can be only attributed .to 
the greater quantity qf phlogiftqn united with it, as 
phlogifton is in general tfie eaufe of the fufibility of 
metals. ( e) 

The 

(d) Soft forged iron can fcarcely without addition be brought 
into perfect fufion by the heat of our furnaces, till the fuel has 
converted it into fteel. But fteel is daily melted apd caft into 
ingots, called caji-fteel, by which it is rendered more uniform and 
fimilar in all its parts, and thereby fitter for being wrought 
into the finer kinds of utenfils for which fteel is employed. This 
caft-fteel, when again reduced to the ftate of forged iron by ce- 
mentation with a&forbent earths, is the moil uniform, equal, 
perfcft iron which can be obtained. 

(t) By converfion of iron into fteel, this metal acquires a ciofcr, 
jnore compatt and finer- grained texture, greater hardnefs, elaf- 
ticity, tenacity, denfity, fonoroufnefs, ana difpofition to receive 
the magnetic property; and, as fome fay, an encreafe of weight. 
It is alio rendered lefs liable to ruft by expofure to air ; and lefs 
liable to emit fparkles when heated. The colors or irifes which 
fteel acquires by expofure to heat, and which are jnarks by which 
workmen know when any acquired heat is given, are not pecu- 
liar to fteel and iron, but may alfo be produced by the fame means 
on all other calcinable metals. Thefe colors proceed from a cal- 
cination gradually advancing on that part of the metals which is 
expofed to air. And as the particles of metals in their different 
degrees of calcination are probably of different fizes, fo they mull 
acquire (according to Sir Ifaac Newton’s theory, which lhcws 
that the colors of bodies depend on the fize of their integrant 
parts) differentrefle&ive powers, and exhibit changes of colors. 

Steel may be made by fufion from the ore, or by cementatiou 
of forged iron with inflammable matters. Anciently, fteel is f iid 
to have been made by immerfing forged iron during fome time 
in melted crude iron. Forged iron may alfo be changed into 
fteel, as Wallcrius afiirms, by immerfion in melted fcoria ; or by 
fufion with black flux, glafs-gall, or borax; or by ftrewing fca- 
falt upon heated iron, and extinguifhing it in dung. 

Various opinions arc formed concerning the caufe of the dif- 
ference between iron and fteel. The moft general opinion attri- 
butes this difference 10 the prefence of a larger quantity cf 

phlogifioq 
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The Unities and medicinal virtues of Heel are the fame 
as tfiofe of iron. See Iron. 

STONES. This name is gjivep in* general, both in 
chemiftry and in natural hiffory, to ipanv bodies of very 
different natures. But generally hard and compaft bodies 
of an earthy nature are called Jlones . 

As many different kinds of Hones as of earths may be 
diftinguifhed. For the parts of every kind of earth being 
united and agglutinated together, are capable of forming, 
and a&ually do form Honey bodies. But as this union of 

phlogi&on in the latter than in the former. Some authors, at- 
tending chiefly to the method of converiion by fufion, confidcr 
that operation only as a purification of the iron from earthy and 
heterogeneous panicles, and fteel merely as a more pure and per* 
feH iron. Others, obferving fome fimilitude in the texture of 
flee] to certain kinds of caft-iron,. and the hardnefs of both thefe, 
without attending to their effential differences, have imagined 
that the Hate of Heel was intermediate betwixt that of call and 
that of forged iron. Laftly, fome metallurgifts maintain, that the 
converfion of iron into fteel is effe&ed not by abforption of phlo- 
giftoo, but by expulfion of fulphnreous or acid particles. To 
lopport this opinion, they obferve, i. That fteel is lefs difpofed 
than iron to ruft ; the caufe of ruft being, at they think, an acid 
contained in iron ; 2. That fteel emits fewer fparkles under the 
hammer than iron, which fparkles are found to be moft frequent 
in iron abounding with fulphur, as in red-ihort iron ; 3 . That 
iron may be converted into fteel by cementation with alkaline 
falts, capable of attracting the acid an 4 fulphur; 4. That in the 
preparation of fteel by fufion, the metal is rather expofed to a 
diffipation of its inflammable parts and burnt, than further phlo- 
gifticated ; and that this operation is accordingly called by work* 
men the burning of fleet. 

In the preparation of fteel by fufion, probably much of the 
earthy matters contained in the iron may be feparated, and any 
contained acid or fulphur may be burnt or difiipated. But the 
converfion of fteel into ijpn by cementation with abforbent earths, 
in which operation no acid or fulphur can be abforbed by the 
jnetal, (hews that the difference between iron and fteel does not 
confift in the prefence of an acid or of fulphur in the iron, but 
rather in the prefence of fome fubftance m the fteel, which the 
Inflammable cementing fubftance can give to it, and of which 
abforbent earths can deprive it. This fubftance has been gene* 
rally believed to be phlogifton ; by the addition of which the 
metal acquires a new texture, together with the hardnefs, ela- 
fticity, and other peculiar properties of fteel. 

the 
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the integrant parts of any earth does not really change the 
nature of this earth ; and as it always has the fame eflential 
properties, efpecially when confidered chemically $ we refer 
to the word Earth for all that we have to fay concerning 
ftones. The origin, and the fenfible qualities by which 
naturalifts diftinguifh different kinds of ftones, are treated of 
in Mr. Bimare's Dictionary of Natural Hijlory J 

Several chemical preparations are alfo called ftones, of 
which we fhall here treat. 

STONE (CAUSTIC), or Common Caustic. Set 
Caustic. 

STONE of BOLOGNA. This ftone has been 
much celebrated for the property it has of becoming phof- 
phoric by calcination. It is a heavy felenitic fpar. All 
ipars of that kind, and alfo feveral other ftones, have 
the fame property. See Phosphoric (Stones), and 
Spars. 

STONE (INFERNAL), or Lunar Caustic. See 
Caustic (Lunar.) 

STONE (PHILOSOPHER’S). This name is 
given by alchcmifts to the preparation by which metals 
may be tranfmuted, gold and iilver made, and all the won- 
ders produced of (what they call) the great work . Seethe 
articles Metals and Metallisation. 

SUBLIMATION. Sublimation is an operation by 
which volatile and folid fubftances are collected - and ob- 
tained. 

This operation is founded on the fame principles as 
diftillation, and its rules are the fame, as it is nothing 
but a drv diftillation. Therefore all we have faid on the 
article Distillation is applicable here, efpecially in thofe 
cafes where fublimation is employed to feparate volatile fub- 
ftances from others which arc fixed or lcls volatile. 

Sublimation is alfo ufed in other cafes ; for inftance, to 
combine two volatile matters ; as in the operation of the 
fublimates of mercury*, or to colled fomc volatile fub- 
ftances ; as fedative fait , fulpbur y and all the preparations 
called flowers* 

The apparatus for Fublimation is very fimple. A matraft 
or fmall alembic is generally fufficient for the fublimation 
of fmall quantities of matter. But the vcficls and the me- 
thod of managing the fire vary according to the nature of 
the matters which ought to be fufc iimed, and according to 
the form which ou2;ht to be eiven to the fublimate. 

The 
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The beauty of fome fublimates confifts in their being 
compofed of very fine, light parts $ fuch as almoft all thole 
called flowers ; as flowers of fulpbur and of benjamin , feda- 
the Jolty and others of this kina. When the matters to be 
fublimed are at the fame time volatile, a high cucurbit, to 
which is adapted a capital, and even feveral capitals place4 
one upon another, are to be employed. The fublimation 
is performed in a fand bath, with only the precife degree of 
heat requilite to raife the fubftance which is to be fublimed 5 
and the capitals are to be guarded as much as is poffible from 
heat. The height of the cucurbit and of the capitals is 
well contrived to accompliih this intention. 

When along with the dry matter which is to be collefted 
in thefe fublimations, a certain quantity of fome liquor is 
railed, as happens in the fublimation of fedative fait, and 
in the re&ification of volatile concrete alkalis, which is a 
kind of fublimation, a paflage and a receiver for thefe li- 
quors muft be provided. This is conveniently done bjr 
ufing the ordinary capital of the alembic, fumimed with a 
beak, and a receiver. 

Some fublimates are required to be in as folid and corn- 
pad mafTes as their natures allow. Of this number are 
camphor, fal ammoniac, and all the fublimates of mercury. 
The propereft veffcls for thefe fublimations are bottles or 
matrafies, which are to be funk more lefs deeply in fand, 
according to the volatility and gravity of the matters that 
ate to be fublimed. In this manner of fubliming? the fub- 
ftances having quitted the bottom of the veffel, adhere t<* 
its upper part; and as this part is low and near the fire, 
they there fuffer a degree of heat fufficient to give them 
a kind of fufion. The art, therefore, of conducting thefe 
fublimations confifts in applying fuch a degree of heat, 
or in fo difpofing the fand, (that is, making it cover more 
or lefs of the matrafs) that the heat in the upper part of 
the matrafs fhall be fufficient to make the fublimate adhere 
to the glafs, and to give it fuch* a degree of fufion as is ne- 
ceflary to render it compact ; but at the fame time, this 
heat muft not be fo great as to force the fublimate through^ 
the neck of the matrafs, and diffipatq it. Thefe conditions 
are not eafily attained, efpecially in great works. 

Many fuoftances may be reduced into flowers and fiib- 
limed, but which require for thisjpurpofe a very great heat, 
with the accefs of free air, and even the conta<S? of coals, 
?nd therefore canno; be fublimed in clofe veflfels* Such 
moft foots or flowers of metals, and eyen fome faline 

fubftances. 
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Jubilances. When thefe fublimates are required, the matters 
from which they are to be feparated mult be placed among 
burning coals in open air, and the flowers are colle&ed in 
the chimney of the furnace in which the operation is per- 
formed. This procefs is called fublimation in the manner of 
Geber . The tutty, calamine , or pompholix , which are ga- 
thered in the tops of furnaces in which ores are fmeltcd, 
are fublimates of this kind. 

SUBLIMATE (CORROSIVE). This prepara- 
tion, called alfo mercury corrofive fublimate , is a mercurial 
lalt, in which mercury is united with the largeil quantity 
of marine acid with which it is capable of combining in- 
timately. 

This fait is called fublimatij becaufe it can only be well 
prepared by fublimation ; and it is called corrofive^ Decaufe it 
is one of the moft corrofive falts, or even the molt corrofive 
of all falts with metallic bafes. 

Corrofive fublimate may be made by feveral procefles, 
which, however, are all 10 contrived, that the vapors of 
mercury and of marine acid (hall meet in the fame fubliming 
vellel. 

The moft ufual method confifts in mixing well nitrous 
mercurial fait with vitriol of iron and common fait, all well 
dried ; and in promoting the fublimation, as we have faid 
under the article Mercury. 

Another procefs confifts in diffolving mercury in concen- 
trated vitriolic acid, as when turbith mineral is made; 
in triturating the white faline mafs remaining after this 
iplution, previoufly dried, with an equal weight of dried 
fea-falt ; and in fubliming this mixture in a matrafs with 
the heat of a fand-bajth, by encreafing the fire till nothing 
more is fublimed. This procefs is given by Mr. Boulduc, 
in the Memoirs, of the Academy for the Year 1730. Mr. 
Spielman obferves, in bis Chemical Inflitutionsy that Kunckel 
had given it formerly, in a work called The Chemical Labo- 
ratory . 

In this operation, the acid of the vitriolic mercurial fait 
quits the mercury to unite with the alkali of common fait, 
to which it has a greater affinity, and with which it forms 
a Glauber's fait, tnat remains at the bottom of the matrafs 
after the fublimation ; while the marine acid on one fide, 
and the mercury on the other, being both difengaged, are 
reduced into vapors by the cffe£l of heat, unite ftri&ly 
together, and form the corrofive fublimate, which attaches 
iflcif to the upper parf of the jna*rafe t This fublimate 
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confifts partly of, a white, femi-tranfparent, faline maf9,- 
2nd partly of mining cryflals, compofed of fmall and pointed 
plates. 

This method of making corrofive fublimate is well- 
contrived, and feems preferable to the ordinary procefs 
i. Becaufe the mercury, being previoufly diiiolved by 
vitriolic acid, is as eafily and perfectly mixed with common 
fait in this as in the ordinary procefs. 2. Becaufe the acid 
of the vitriolic mercurial fait difengages powerfully and 
plentifully the acid of common fait; and that it is neceflary, 
as we fhall fee, that the mercury ihould meet all the quan- 
tity of marine acid with which it is capable of uniting, to 
obtain the moil corrofive fublimate. 3. The procefs of 
Kunckel and Mr. Boulduc is more fimple than that with 
vitriol ; the operator is lefs expofed to the acid vapors, the 
mixture from which the fublimate is feparated is lefs volu- 
minous, and therefore this method is juftly preferred. 

We think we ought to obferve, upon tne fubjeft of this 
procefs, that almoft all chemifts, who have mentioned it 
fiace Mr. Boulduc, fay, that it is made from a mixture of 
turbith mineral with common fait. This is an inaccuracy 
capable of leading readers into a mi flake ; for the” vitriolic 
mercurial fait, employed by Adr. Boulduc, is very different 
from turbith mineral ; it contains a large quantity of con- 
centrated, vitriolic acid, which is very neceflary in the 
operation ; whereas turbith mineral contains very little or 
no vitriolic acid, when it has been well walhed, according 
to Mr. Beaume’s experiments ; and confequently, if turbith 
mineral be employed with common fait, in the proportions 
directed by Mr. Boulduc, we ihould obtain no fublimate, 
or but a very fmall quantity of a fublimate, which would 
not be corrofive. 

The faline fublimates of mercury may be obtained by 
fevcral other procefies; for inilance, the vitriol of the 
ordinary mixture may be omitted ; we might alfo employ 
crude mercury infleaa of the mercurial nitre, and triturate 
it a long time with vitriol and fait, as Lemery fays, or 
fublime the white precipitate alone. But we (hall lay no 
more of thefe methods, becaufe they Sure all inferior to thofe 
we have mentioned, when a very corrofive fublimate is 
required^ although fome of them, as the fublimation of 
white precipitate, be very convenient, and may furnifh a. 
fublimate which probably is very good, when it is intend- 
ed to be afterwards converted into fweet mercury , or mercu- 
rial panacea. But we muit mention another method of 
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making this faline fublimate of mercury, propofed alfo by 
Lemery, becaufe it is founded on a miltake which ought to 
be made known. 

This method confifts in triturating crude mercury with 
twice its weight of common fait ; and in fubliming this 
mixture, from which, according to Lemery, may be ob- 
tained a white fublimate, lefs corrofive indeed, as he acknow- 
ledges, than the ordinary fublimate, but which, neverthe- 
lefs, is corrofive. 

What Lemery fays upon this fubjeft is certainly true; 
but a modern author infers from thence, that mercury de- 
compofes common fait, that marine alkali has not a ftronger 
affinity than mercury with marine acid, and that this ex- 
periment contradicts eftablifhed affinities. But none of all 
thefe confequences is juftly deducible. We explain this 
kind of paradox in the following manner. 

For this purpofe we muft previoufly know, i. That 
common fait, even when cryftallized very regularly, is not 
a pure, homogeneous fait ; but that it is intimately mixed 
with another fait, compofed of marine acid, neutralized by 
a calcareous earth. 2. That the acid of this marine fait, 
with calcareous bafis, efcapes merely by the aftion of fire, 
and without any other intermediate fubftance than a little 
moifture. 3. That when mercury is fublimed with ordi- 
nary common fait, that is, common fait which has not 
been purified from the mixture of this fait with calcareous 
bafis, it combines with the acid of this latter fait, and 
not with that of the true common fait, and forms a 
mercurial • fublimate. The proof of this is, that if, as 
Mr. Beaume has done, common fait be difiolved in water, 
and if into this folution fome of the lixivium of foda be 
poured, till no more earth be precipitated, in which 
operation the fait with earthy bafis is evidently decom- 
pofed, and is changed into a fait with bafis of fixed alkali ; 
and if the pure fait remaining in the liquor be afterwards 
cryftallized, and mixed with mercury, and the fublimation 
be attempted, not a particle of faline fublimate of mercury 
will be obtained. This experiment has been verified molt 
fcrupuloufly by Mr. Beaume. Mercury fingly cannot de- 
compofe common fait, therefore none of the confequences 
inferred from the inaccurate experiment of Lemery are 
juftly deducible. We might draw other confequences 
not very favourable to the chemift alluded to, but we ab- 
ftain from them on account of his perfoQal merit, and that 
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we may not imitate the harlh and fatyrical criticifms which 
diihonour his writings. 

The fublimates compofed of mercury and marine acid, 
in which the metallic fubftance has had an opportunity 
of combining with all the acid with wfiich it was capable 
of uniting, are evidently combinations of precife and deter- 
minate proportions of thefe two fubftances. Accordingly 
corrofive fublimate, when well made, that is, as corrofive 
as it can be, being fublimed a fecond time with new marine 
acid, does not unite with a larger quantity of acid, nor 
become more corrofive. But we do not yet feem to have 
determined precifely the proportion of marine acid, rela- 
tively to that of mercury, in the mod corrofive fublimate# 
According to Lemery, fixteen ounces of mercury produce 
nineteen ounces of corrofive fublimate ; and, according to 
Tachenius, in the great works in Holland, where this pre- 
paration is made, 280 pounds of crude mercury furnilh 
360 pounds of fublimate ; which would feem to prove, 
that the quantity of marine acid is greater in the fublimate 
mentioned by Tachenius, than in that by Lemery. But as 
more of the mercury may be diflipated when the quantity 
operated upon it is but fmall, than when it is large, we can 
ascertain nothing from comparing together the refults of 
thefe two authors. However, we fee that the quantity of 
mercury is much larger than that of the acid, fince even in 
the fublimate of Tachenius, the quantity of mercury was 
more than three times the quantity of acid ; which deferves 
to be remarked, as we fhall fee when we mention the prin- 
cipal properties of corrofive fublimate. 

The fpecific gravity of this. mercurial fait has not been 
hitherto determined, fmt it is evidently very confiderable. 
It is very cryftallizable, either by the ufual method for 
cryftallizing falts, or by fublimafcion, and the form of its 
cryftals is the fame in both cafes. It is not deliquefcent, 
is difficultly wetted by water, and, in this refpeft, is fimi- 
lar to arfenic. It is one of the falts which are very little 
foluble in water. According to the experiments of Mr* 
Spielman, an ounce of diftilled water can diffolve only 
thirty grains of it, with the affiftance of a heat of fifty de- 
grees of Fahrenheit’s thermometer, which correfponds 
nearly to the tenth degree above the freezing point of Mr. 
Reaumur’s thermometer ; that is, that with this heat water 
can diffolve only a nineteenth part of its weight of corrofive 
fublimate* 

All. 
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All thefe properties of corrofive fublimate are natural 
dcducible from the large quantity of mercury which cntei 
its compofition : it perfectly refembles in this refpect a 
the neutral falts, which contain a matter that is not faline 
intimately joined to the faline principle. But this circum 
ftance is very remarkable, that corrofive fublimate has s 
the fame time very contrary properties, by which it all 
refembles thofe neutral falts in which the acid is but littl 
connected and imperfectly faturated with their bafis. The! 
properties are, I. Its corrofive quality, which renders i 
one of the moft violent and adtive poifons; and, 2. It 
capacity of receiving a much larger proportion of mercur) 
which unites intimately with its acid, faturates it entirely 
and even fo completely, that this fait, from being ver 
corrofive, is rendered, by this new addition of mercury, 
fwcet fublimate, almoft infipid, almoft unfoluble in watei 
and which has nothing in common with a neutral fait bu 
external appearance. 

Thefe latter properties of corrofive fublimate do not allov 
us to doubt that marine acid, although already united ii 
this fait with a large quantity of mercury, and even ver 
intimately, is yet very far from being faturated. Accord 
ingly this acid is, at the fame time, in two dates in fom 
meaiure contrary. Several of the properties of corrofiv 
fublimate feem to (hew that its acid is faturated as com 
pleatly as the acid of the moft perfedt neutral falts ; whil 
other properties indicate that it is far from being com 
pleatly faturated. 

To form a juft idea of this fingular ftatc of marine aci< 
in corrofive fublimate, wc muft lirft of all obferve, that wi 
fhould judge very erroneoufly of the ftate of the acid of 
neutral fait, if we confidered the properties of this fait a 
depending only on its acid. Wc have clfewherc obferved 
and we fhall prove it further in this article, that bodic 
which are not faline, being united to acids in neutral falts 
have their peculiar action as well as thefe acids ; and tha 
the properties of thefe falts are always the refult of thi 
combined properties of their acids and of their bafes. 

In the fecond place, wc ought to recoiled! the diftindtioi 
we have made under the article Saturation, into relativ 
/duration , and abfclutc jaturathn , which are two thing: 
very different ; becaufe, in fadt, it happens in many com- 
binations, that a principle is in a relative, perfedt fatura- 
tion with regard to another; that is, that it is united with 
all the quantity of this fccond principle which it can 
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difolve, although it be very far from being irt a ftate of 
abfolute faturation $ that is, from having To exhaufted all 
its sr&ion upon this fecorid principle, that 00 more remains 
to be exercifed upon any other fubftance i For, if this were 
not fo, we could not make any decortlpofition by an inter- 
mediate fubftance. Thus in bodies compounded of two 
principles, fuch as, for inftaiice, neutral falts, one of their 
principles, and not the other, may be relatively fatufated. 
Alfo one of the two principles, or both, may be in a perfect, 
relative faturation, although one or both be far from abfo- 
lute faturation. 

Thefe things being premifed, if we reflefl oh the pro- 
perties of cprrolive fublimate, we lhall eafily perceive, 
I. That the marine acid cannot be united Witn fo large a 
quantity of mercufy as it is in this fait, without being con- 
uderably approximated to a ftate of abfolute faturation ; 
hence corrofive fUblimate does not redden blue colors, 
has no acid tafte, does not attfadl the moifture of rhe air, 
is very cryftallizable, and not very foluble in Water; in 
sword, that it is nearly in the fame ftate as fcveral neutral 
falts, as vitriolated tartaf* and others, the acids Of which are 
generally confidered as being Well faturated. 

Secondly, We (hall eafily difeover alfo, that although 
the acid of corrofive fublimate approaches as much to abfo- 
lute faturation as the above-mentioned properties indicate, 
It is not nearly in a ftate of relative faturation with regard 
to the mercury ; fince we know that it is capable of Uniting 
again with a much larger quantity of mercury than is in 
corrofive fublimate, as is Ihewn by the transformation of 
Corrofive fublimate into fweet mercury ; and we {hall natu- 
rally conclude from thefe fadfs, that marine acid is capable 
of uniting with fo large a quantity of mercury, that it cannot 
he entirely faturated with that lubftance* without exhauft- 
ing almott all the action it is capable of, and approaching 
nearly to the ftate of abfolute faturation. Accordingly we 
fee, that the properties of this acid become infenfible, and 
are almoft annihilated in fweet mercury. 

Thirdly, in reaforiing ftill from principles above-men- 
tioned* and in applying them to corrofive fublimate, it 
Will evidently appear, that although the acid of this fait 
is not nearly faturated with mercury, as we have obferved, 
the mercury is neverthelefs in a ftate of relative faturation 
with regard to the acid ; fincc, according to Mr. Rouelle's 
experiment, this fait cannot by any means receive a larger 
quantity of acid. But if, an the other Tide, we attend "to 
Vol.III. N the 
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the quantity of mercury in corrollve fublimate, it x 
appear very probable, that although this mercury be fa 
rated with acid as much as it can be, and that in t 
refpeCt it be in a ftate of perfect relative faturation, yet i 
very far from having exhaufted upon this acid all 
tendency it has to combination in general, and from be 
in a ftate of perfect, abfolute faturation. In faCt, on < 
fide, the aggregation of the mercury is broken in c 
rofive fublimate, and confequently all its integrant p< 
are capable of exerting their general tendency to combi 
tion : but, cn the other fide, thefe parts of mercury 
united but to a very fmall quantity of acid, and proba 
much of their tendency to union remains therefore unfa 
fied ; and we may rcafonably conjecture, that from t 
condition, or ftate of the mercury in corrofive fublinu 
proceeds the caufticity of that faline matter. 

This notion will undoubtedly appear very bold to th 
who arc accuftomed to confider the caufticity of fal 
matters as an effect only of the concentration and imperl 
faturation of their faline principles. 

But we repeat it, that we fhould judge very erroneoi 
of the properties of any compound body, if we were 
attribute them to one of its principles only. On the cc 
trary, all the phenomena of chemiftry (hew, that all 
conftituent parts of any compound contribute more or ] 
to all the properties of this compound. All the parts 
matter are active, by the general tendency which they hi 
to mutual combination. Nothing is purely paffive in natu 
and if certain fubftances feem to us to be more inaCtivc a 
inert, it isbccaufe their parts, having exhaufted all their t< 
deucy and activity one upon another, by their union, are i 
feeming reft, which we call faturation, and do really 1 
come inadtive with regard to many other bodies : but wt 
by fomc caufe this union is broken, and its parts beco 
difengaged, their cffential activity then appears again in all 
f^rcc ; they refume all their tendency to combination, tf 
are in a violent ftate, till they find fomc fubftance w 
which they may unite, and iatisfy this tendency. T 
violent ftate, this nifus, arc the fame thing as caufticity, 
rather this latter quality is an eii'cCt of the former qualit 
rendered fenfible by their exertion upon animated bodi 
Accordingly, all matter in nature, however inactive a 
paflive it may feem, is capable of becoming, by the fepai 
tion of its primary integrant molecules, an agent or folvej 
and a very powerful corrofive. 
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We Conceive then, that in corrofive fublimate the aggre- 
gation of the mercury being broken, its primary integrant 
molecules are, on one fide, in this violent ftate, in this 
tendency to union above-mentioned ; and, or> the other 
fide, that as this tendency to union is only capable of being 
latisfied partly, and imperfe&ly, by the marine acid, much 
of it remains unfatisfied, which gives a proportionable de- 
gree of caufticity to thefe molecules ; fo that the mercury 
itfelf of the corrofive fublimate is corrofive, and probably 
much more fo than even the marine acid. 

However ftrange and fingular this opinion may appear, 
We {hall find, by reflecting on the nature of corrofive fub- 
limate, that no other caufe of its cauflicity can be con- 
ceived. In fact, we mult allow that this fait is much more 
cauftic than pure marine acid. For we are -certain that a 
gros [72 grains] of this acid, or more, diluted in water, 
might be fwallowed without the leaft inconvenience; where- 
as half the quantity of corrofive fublimate, diluted in the 
fame, or a much larger quantity of water, would infallibly 
poifon. If then we fuppofe, that the caufticity of this 
filtis nothing elfe than the cauflicity of the' marine acid 
contained in it; how can we conceive that this acid, which, 
very far from being difengaged, and from poflefling all its 
acidity in corrofive fublimate, is, on the contrary, united 
with more than thrice its weight of mercury, and is neu- 
tralifed fo as to form a very cryftallizable fait, not defi- 
quefeent and not very foluble in water, which does not 
change to red the blue colors of vegetables, and gives no 
mark of acidity, can be infinitely more corrofive than the 
fame acid when free and difengaged f We might as well fay, 
that vitriolic acid is more corrofive in vitrioiated tartar 
than when pure. The caufticity then of corrofive fub- 
limate mull be chiefly attributed to the mercury, which is 
the predominant and leaft part of that faline fubftance. The 
mercury in corrofive fublimate appears to be nearly in a 
fimilar ftate as the earthy principle in fixed alkalis ; that is 
to fay, its aggregation is deftroyed, at leaft in great mea- 
fure, and its quantity is very large in proportion to that 
of the faline principle. Accordingly* corrofive fublimate, 
inftead of changing the b|ue colors of vegetables to red, as 
acids do, changes them to green, as if it were an alkali, 
according to the obfervations of Mr. Rouelle; and in the 
fame manner as alkalis feem to owe their caufticity to the 
proportion and peculiar ftate of their earth, fo alfo does the 
caufticity of corrofive fublimate proceed from the quantity 
, N 2 v and 
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and difpofition of its mercury. This caufticity, then, 
rather of an alkaline than of an acid kind. 

An objection might be made here, that if the cauftic 
of corrofive fublimate depended on the mercury, it ou 
to be encreafed by encreafing the proportion of the men 
ry ; whereas we know, that the addition of more merci 
has a contrary effe&, as wc find from the inftance of fa 
mercury. 

The anfwer to this objection is not difficult. Althoi 
the caufticity of corrofive fublimate depends more on 
mercury than on its acid, we cannot doubt that this 2 
alfo contributes to produce this effect, according to the 
neral rule, that all the principles of bodies conduce it 
or lefs to their properties : but the acid of fublimate is 
deed nearly In the ftate of abfolute faturation, althoug 
is not quite in that ftate; and however neutralifed it 1 
feem, it is yet capable of a certain degree of action : 
when it is totally faturated with mercury, it is then 
completely in a ftate of abfolute faturation ; becaufe 
acid is capable of uniting with fo much mercury, that w 
it is combined with this metallic fubftance, its relative 
turation and its abfolute faturation are almoft the f 
thing. We need not then be furprized, that in this ref 
the caufticity of the fublimate is confiderably diminifl] 
but, befides, when the quantity of mercury much exc 
what ought to be contained in corrofive fublimate, we 
cafily perceive that the parts of the mercury, being pn 
hearer the parts of the acid, are alfo more and more united 
gether, and approach more nearly to the ftate of aggregat 
in which ftate mercury cannot have any caufticity. St 
the properties , chemical and medicinal , of corroftve fublimate 
articles Acid (Marine), ^Mercury. 

SUBLIMATE (SWEET). See Merc 
(Sweet). 

SUBLIMATE (RE D). If a folution of men 
in nitrous acid be evaporated and dried, and then exp 
to a ftrong heat in a matrafs, the nitrous acid will be i 
rated from the mercury in great mcafure, and will be < 
pated in red vapors ; the faline mafs remaining^ in 
matrafs acquires at firft a yellow color, which attenn 
changes to *11 orange color, and laftly to a red. Th 
called red precipitate. But by expofing this red matte 
rrcater hear, it is fublimed, while its color is prefei 
It is then called ted fublimate . This fublimate is not 1 
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•UGAR. Sugar is a cryftallizable efiential fait, of 
a fweet agreeable tafte, contained, more or lefs plentifully, 
in many kinds of vegetables ; but in moft of them in fo 
final I a quantity, or confounded with fo much extraneous 
matter, that it cannot be obtained from them with profit. 

The plant which contains and furnifhes moft of this 
tffential fait is a kind of reed, which grows in hot climates, 
wiled fugar-cane. 

The method ufed for the extraftion of fugar from the cane, 
is the fame as is employed for the extra&ion of any efiential 
fait from the juices of plants, with this difference, that as 
togar and liquors containing it are very fermentable, this 
/alt is not obtained by a regular cryftallization, but by a : 
much fpeedier coagulation. 

After having entirely expreffed the juice from fugar- 
canes, it is boiled in caldrons at different times with lime- * 
water and lixivium of afhes, both to clarify it, and to eva- * 
porate it fo much, that when it cools, moft of it coagu- 
lates, or confufedly cryftallizes. This coagulated matter is 
to be feparated from the remaining liquor, which is called 
nulajfts . Frorn this liquor, byTermentation and diftillation, 
an ardent fpirit is obtained, called rum , The fblid fub- 
ftance, or fugar, is mixed with much mucilaginous extrac- 
tive matter, which renders it fofc and red. To purify, or, 
as it is called, to refim it further, it muft be rediffolved in 
pure water, and its heterogeneous parts muft be feparated 
by boiling with quicklime and lixivium of afhes, to which 
is added a certain quantity of ox’s blood, for a more perfe& 
clarification and purification. Laftly, the fugar, when re- 
fined, is put into earthen conical vefl’els open at both ends, 
the fmaller of which is turned downwards, (f) The fugar 
is covered with fome earth moiftened with water, T nis 
water filtrates through the fugar, diffolves the mucilage or 
Dime which ftilL adheres to the fugar, and flows out at tjie 
opening in the lower point of the conical vefTel. In this 
manner is obtained this pleafant and ufeful fait. To whiten 
and purify it perfectly many clarifications are required, the 
caufe of which is chiefly a flimy matter, like honey, that 
adheres to it. 

(f) The aperture in the lower narrow part of the mould is 
fiopt with a plug when the fyrup is poured into the mould, and 
when the fugar is become folid, the plug is drawn out, that the 
piucilaginous or treacly matter may drain. 
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This efTcntial fait is foluble in water, like all other ftl^l 
ana evpn is one of thofe falts that is foluble in the fmalldi 
quantity of water. 

It is cryftallizable j and its cryftals, when llowly and re 
gularly formed, are beautiful ana tranfparent, called fugar 
candy, (g) This fait confifts of an acid united with a largi 
quantity qf a very attenuated and mucilaginous earth, am 
with a certain quantity of fweet and not volatile oil, whicl 
is in a ftate perfe&ly fapohaceous, that is, entirely folubl 
i i) water by means of the acid. 

Sugar, when diftilled, yields a phlegm, an oily empyreu 
njatic acid, a fpifill portion of colored empyreumatic oil 
and leave? a confiderable quantity of refiduous coal. 

This fait is very fufceptible of the fpirituous fcrmcn 
tation, when it is diluted in a fufficient quantity of water 
and, like all the other fubftances capable of that fermen 
tation, it' is very nutritive to animals. 

. The nutritive and fermentative parts of vegetables hav 
npt been fufficiently examined, to enable us to determine 
whether they be perfe&ly of a faccharine nature. W 
kpow, however, that they furnifh by analyfis the (am 
principles, and nearly in the fame proportion ; that the 
all have a fweet, agreeable, and generally faccharine tafte 
that every vegetable or animal (ubftance that is faccharin 
i§ alfo nutritive and fermentative $ and, laftly, that genuin 
fugar may be obtained from inoft of them. 

Mr. Margraaf has obtained fugar from the roots of feve 
r#l plants, as from carrots, parfnips, white and red beet 
Some of thefe roots, as, for example, the white beet, fin 
njlhed a very confiderable quantity of fugar. He obtaine 
about half an ounce of fugar from half a pound of the dric 
rpot. This able chemift, confidering that fugar is folubl 
ip fpirit of wine, and that the mucilaginous parts of plant 
are not foluble in that fluid, eafily obtained a pure fugar b 
digefting the dried roots in that fpirit, and by evaporatin 
the liquor. Afterwards, hoping to find a cheaper method 

(g) The cry flail ization of fugar, or the formation of fugai 
candy, requires peculiar management. The fyrup, boiled dow 
to a proper confidence, is poured into pans placed in a rooo 
die air of which is rendered very hot ; by which means tl 
tranfition of the fugar from a fluid to a folid date is vei 
(lowly effected, and the carts of the fugar are allowed, notwitl 
(landing the vifeidity of the liquor, to arrange tliemfclves a< 
cording to their peculiar form. 
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that his difcovery might be ufeful, he attempted fuccefe-*' 
fully to obtain fugar by die ordinary procefs very litde va- 
ried. He could not indeed obtain a very pure fugar with- 
out repeating very frequently the folutions, clarifications, 
and other operations, as may be feen in his Memtrir, or in 
the Eighth Difiertation of his Opufcules Chmiquss . But 
at laft he did fucceed $ and we have reafon to hope, that 
by improving the procefs, much fugar may be obtained 
from other vegetables, as from green peas, cabbage, green 
farinaceous grains } from fevenu trees, as the fycamore, 
and the birch trees, forite of which have more of a faccha- 
rine talk than feveral of the plants from which Mr. Mar- 
gvaaf extra&ed fugar. (h) 

The chief, and perhaps the only difficulty to be fur- 
mounted in this extraction of fugar, proceeds from the vifeid 
matters, which are fo mixed and blended with the faccha- 
rinefubftance of plants, that they prevent its cryftallization. 
The iaccharine and mucilaginous parts might be feparated 
front each other by means of a menftruum, which could 
difiolve the fugar and not the flimy fubftance, or which 
could diffolve the latter and not the former. To difeover 
fuch a menftruum feems to be the proper obje& of inqui- 
ry for thofe who would profecute this fubjeft. 

SUGAR tf LEAD. See Salt a/Tead, 

SUGAR */MILK. See Milk. 

SULPHUR. No word has been fo much ufed by che- 
mifts, and at the iame time fo much abufed, as fulpbur . By 
this the ancient chemifts denoted all inflammable fubftances, 
of whatever nature they might be. Sulphur, according to 
them, is one of the principles of bodies. They fpolce con- 
tinually of the falphurs of metals, of the fulphurs of 
plants, of the fulphurs of animals: oils* ardent fpirits, 
refins, bitumens, were all fulphurs. In every thing they 

(b) Maine , or Indian- corn, while green, contains a liquor from 
which the American favages are faid to extraft fugar. Sugar may 
alfo be extracted from the A/dtp ins caule tre&o ftmflici annuo 
(Linnaeus Hort. Cliff.), and from many flowers collected while the 
morning dew is on them. Encyclop. tom. xv. p. 617. & Mem. of 
the Swedilh Acad. tom. xiii. But the vegetable which yields the 
largeft quantity of fugar, pext to the fugar-cane, is the kind of 
maple tree called the fugar-maple . The methods employed for 
theextraftion of the fugar from this tree, in Canada, are related 
byM. Gautier, in the Mem . des Sfav. Eftrang . tojn. 2. and by 
$ 1 . $alm, in the Swedish Memoirs for 1757* 
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found a fulphur. Even now, alchemifts, and others w 
have only confufed id as of chemiftry, from reading < 
chemical books, talk inceffantly and dccifively of fulphu 

To Beecher, and ftill more to the illuftious Stahl, 
owe the fimple, clear, and precifc ideas which we n< 
have of the feveral kinds of inflammable fubftances, form 
lv confounded under the general name of fulphur. By i 
ijgacious diftin&ion they have made between the pure a 
fimple inflammable principle, and the more compoun< 
bodies which contain it, and owe their inflammability to 
we acquire a knowledge of the true theory of fulphur a 
of all inflammable fubftances. 

Since Stahl has unfolded this fublime theory, wc kn< 
that the inflammable principle is identical, always alii 
and the fame in every body ; that this principle by its co 
bination with different fubftances produce all theinflamn 
Me matters v/hich we know. Oils, fats, refins, bitumei 
ardent fpirits, coals, metals, fulphur properly fo called, 
common fulphur, are fo many compounds, all which hi 
the common property of burning, bccaufe they all conti 
the principle of inflammability *, but which differ in other 
bccaufe this principle is united to different ft 
fiances, and in different proportions. 

Stahl has eftabl ifiied thefe important truths, chiefly 
examining, by decompofing, and by re-compohilg comm 
fulphur, and by demonftrating from the moft fatisfadtc 
experiments, that this fulphur confifts of vitriolic a< 
united with the pureft and fimpleft inflammable princip 
Wc (hall relate, as fhortly as we can, the refults of his 
fearches upon this fubjedt. 

Nature probably forms, and combines daily, mine 
fulphur within the earth. This fubftance is abundam 
diffufed in many places, efpecially where metallic miner 
exift. Sulphur almoft pure, call cd native fulphur., is foii 
in volcanos and in grottos, where it is fublfmed in form 
tranfparent cryftals. But the greateft quantity of fulph 
which exifts naturally, is combined with metals in ores, a 
efpecially in pyrites. As fulphur is fufible and volati 
it is procured from thefe minerals by diftillation and fub 
mation. See Smeltinc of Orts. 

Sulphur, fuch as it is in commerce and in arts, is o 
pale yellow or citron color, of a difagrecablc and pccul 
imcll, which is rend red more fenfible when the fulphur 
heated or rubbed. By rubbing, fulphur is eledtrifcd. 
fpeuhe gravity is much greater than that of water, and 1< 
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than that #f earths and (tones. It is brittle and pulverable; 
although: it may alfo be eafily foftened, as we (hall after- 
wards obferve. 

Sulphur ieetns to be incapable of receiving any alteration 
from air or from water, feparately or conjointly, nor even 
from fire in clofe veflels. Sulphur, expofed to heat in a 
fubliming veflel, is melted with a very gentle heat, and, 
then is fublimed, and adheres to the capital, forming fmall 
very fine needle-dike crydals, called flowers of fulphur . This 
ftfbiiflged fulphur is effentially the (ame as that which has 
been only melted : and it may be thus fublimed many times 
without alteration. If fulphur, which has been expofed 
to no more heat than fufficient to melt it, be cooled very 
gradually, it cryftallizes in form of many needles eroding 
each other. Some of thefe pointed cryftals may alfo be ob- 
ferved in the interior parts of the lumps of fulphur which 
have been melted and cad into cylindrical moulds, as they 
rare commonly fold ; becaufe the center of thefe cylindrical 
roils is more (lowly cooled that! the furface. Sulphur alfo 
gives this needle-like form to cinnabar, to antimony, and to 
many other minerals containing it. 

Sulphur is inflamed and burnt by expofure to fire and to 
air. But the phenomena which it exhibits are different 
according to the manner of its combuftion. When it is 
very hot and burns quickly, its flame is ardent and capa- 
ble of kindling inflammaole bodies, but is always bluifh, 
not very luminous, and not accompanied with any foot or 
fmoke, but with an acid vapor of a penetrating and fuffo- 
cating fmell. This vapor, confined by means of a glafs 
tall, and received into the vapor of water introduced for 
that purpofe into the fame bell, is called fpirit of fulphur , 
which we (hall afterwards (hew is the vitriolic acid, that is 
at firft volatile and ftilphureous, from the fmall quantity of 
inflammable principle that it dill retains, but which after- 
wards becomes pure vitriolic acid. 

If, on the contrary, fulphur is burnt in open air, but 
very (lowly, its flame is fo little luminous, that it can be 
perceived only in‘ the dark, like a fmall bluifh glimmering 
light} apd fo little ardent, that it cannot kindle the molt 
inflammable fubdances. Mr. Beaume proves this truth by 
a very fine and curious experiment, in which he burns 
all the fulphur that is contained in gun-powder without 
kindling the powder. When this experiment is made, a 
tile mult be equally heated and to a certain degree, that is, a 
little more than is requifite for the fuccefs of the experi- 
ment. 
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ment. Upon this tile, thus heated, Tome grains of gun- 
powder are thrown, to difcover the degree of heat; and. if 
the heat be too great, the powder detonates, from time to 
time, as is ufual. More powder is thrown on the tile, till 
this be fo much cooled, that the powder does not fulminate, 
but only emits a white fmoke. If the tile and powder be 
carried in this ft ate to a dark place, the vapor, which 
fcemed to be a white fmoke, will then appear to be a true 
flame, but very bluifh and faint; which will continue till 
all the fulphur of the powder be confumed, if the tile re- 
mains fufficiently hot for that purpofe. 

VVe may cafily perceive, that when the fulphur burns 
thus weakly and llowly, a part of its inflammable principle 
is diflipated without inflammation, and that confequently 
the acid which is difengaged by that combuftion, ought to 
be more volatile, penetrating, and fulphureous, than it is 
when the inflammation is more rapid. Hence, when we 
would obtain much volatile fulphureous acid by burning 
fulphur, as for the whitening of fluffs by the vapor of 
fulphur, it muft be burnt very llowly, as Stahl has well 
remarked. 

As nothing remains after the burning of fulphur, unlef$ 
fome extraneous body happens to be mixed with it ; and as, 
during this combuftion, nothing is perceptible but two 
matters, one of which is deftroyed by the inflammation, 
and another which has the properties of the vitriolic acid; 
we may conclude, that fulphur is compofed of an inflam- 
mable matter, and of vitriolic acid. But the examination 
of the other properties of this fubftance will render our 
knowledge of its nature and its principles more compleat 
and accurate. 

Sulphur heated fo much as to burn, and thrown while 
melted and burning into water, is very quickly fixed or 
rendered folid ; but in this experiment it acquires a con- 
siderable degree of foftnefs, which indeed only lafts a certain 
time ; after which the fulphur recovers its natural con- 
fidence and brittlends. 

Pure acids feem to have noa&ion upon fulphur, cfpecially 
in the humid way. But Mr. Bcaume has obferved, that if 
concentrated vitriolic acid be poured upon fulphur, and 
heated to a certain degree, this fulphur will liquefy and 
appear in the water like an oil ; and when it is cooled, it will 
have a green color ; which feems to (hew fome action of the 
acid upon the fulphur. But tills fulphur is not in any other 
reipect changed. 

Alkalis 
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Alkalis fixed and volatile, and even calcareous earths, 
fliflahre fitlphor, render it more or lefs foluble in water, and * 
fpnn with it compounds called livers of fulpbur . The 
fulphar may he Separated and precipitated, by means of 4 
an acid, from thefe fubfianoes ; in which cafe, it appears, a$ 
before, only much divided* - 

This experiment ihews tha& fulphur is not decompofed by 
uniting with alkalis. Neverthelefs, the ftrong fetid fmell of 
liver of fulphur, and the facility of decompofing fulphur 
while it is thus united with an alkali, fhewthat, in this 
combination, the connexion of its parts are weaker than 
when it is unoombined, Set Liver of Sulphur. 

Sulphur detonates with nitre, from its inflammable prin- 
ciple, and is then decompofed by the combuftion of this 
principle. But in this detonation we perceive only the two 
principles of fulphur above-mentioned. Its phlogifton, 
together with that of the nitrous acid, maintains the flame 
cf this detonation, and the acid of the fulphur is afterwards 
found to be combined with : the alkali of the nitre, with 
which it forms a vitriolated tartar, called fat polychrtfl of 
Glafer . This is completely proved in the experiment of the 
(yfusof fulpbur . See Clyssus. 

Sulphur unites eafily with all metallic matters, except- 
ing gold, platina, and zinc; at leaftwe have not found the 
weans of uniting it with thefe, dire&ly, and without feme 
intermediate fubftance. The degrees of affinity with which 
fulphur combines with thofe metals to \yhicn it may be 
readily united, are different ; for it not only unites more 
eafily and abundantly with fome than with others, but it 
allb quits thofe with which it has & lefs affinity, to unite 
with others to which it has a ftronger affinity. 

The affinities of fulphur, according to Mr. Geoffroy’s 
Table, are, fixed alkali, iron, copper, lead, filver, regulus 
of antimony, mercury, and gold ; and according to flftr. 
Gellert’s Table, they are, iron, copper, tin, lead, filver, 
bifmuth, regulus of antimony, mercury, arfenic, ani 
Cobalt: gold and zinc are marked jn this Table as, being 
incapable of uniting with fulphur. 

The compounds formed by fulphur with different metals 
are different ; but all of them pofiefs a metallic luftre, with- 
out any ductility : thefe combinations of fulphur and of 
metals are very frequently found in a natural ftate. Almoft 
all the metals which we dig from the earth are naturally 
found combined with fulphur, forming moft of the ores and 
metallic minerals* 

The 
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The properties of the combinations of fulphur wirt 
metallic matters have been little examined, becaufe theft 
combinations are not of any ufe ; but, on the contrary, 
when they are found, they muft be decompofed, that the 
metals may be obtained feparately from the fulphur. Never- 
thelefs, we know not only that metals have different de- 
grees of affinity with fulphur; in confequence of whici 
property, fulphur may: be and actually is in many metal- 
lurgical operations, feparated from fomc metals by meam 
of others, to which it is more difpofed to unite ; but wt 
alfo know that fulphur facilitates the fufton of hard anti 
difficultly fufible metals, fuch as copper and iron ; and that, 
on the contrary, it renders the foft and fuiible metals, as 
tin and lead, lefs eafily fufible. Thefe Angular cffbdb feem 
tq proceed from the difference of the affinity of fulphur u 
the feveral metals. 

Sulphur may be feparated from metallic matters by feveral 
methods. Firft, as fulphur is volatile, and as thefe metallic 
matters are fixed, or at lead lefs volatile than fulphur, tin 
mere a&ion of fire is fufficient to feparate fulphur from mofl 
metals. As this method is Ample, and not expenfive, it is 
generally employed to feparate fulffliur from ores ; which 
effedt is produced by the torrefattion or roafling of thefe ores. 
We muft, however, except the ore of mercury, or native 
cinnabar, and alfo the combinations of arfemc with ful- 
phur, which cannot be decompofed without an intermediate 
fubftance, from the great volatility of mercury and of 
arfenic ; although, perhaps, it would not be impoffible to 
feparate the fulphur from thofe compounds, without an in- 
termediate fubftance, by a heat carefully applied, long con- 
tinued, and with acccfs of air. 

Secondly, feveral combinations of fulphur with metals 
may be decompofed by means of acids, which diilblve the 
metallic matter, without attacking the fulphur. But iq 
feveral of thefe compounds, the fulphur defends the metal 
from the action of the acids ; and this feparation by acids 
does frequently not fucceed, or fuccecds only imperfedtly. 
Crude antimony is one . of the fulphurated metallic fub- 
fbnees from which fulphur may moft eafily be feparated 
by means of aqua-regia. This menftruum feizes readily 
the regulus of antimony contained in mineral antimony, 
and feparates from it tqc fulphur^ which then appears in 
form of a white powder. 

Laftlv, wc may, as we have already faid, feparate feveral 
petals from fulphur by means of other metals^ to which tb? 

fulphur 
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Iphur has a greater affinity. This reparation is pra&ifed 
feveral operations, as in the dry partings th t purification of 
Id by antimony, the decompaction of cinnabar , of orpiment , 
d of crude antimony . See the articles Essay of Ores; 
res Pyrites ; Smelting of Ores ; and all the articles of 
feveral metals and femi -metals. 

Oils and oily matters, of whatever nature, are all capable 
ailing upon fulphur, and of diflolving it. Several folu- 
ns of fulphur in effential oils arc ufed in pharmacy, 
lich have been named from the oils employed ; as terebin - 
noted balfam of fulphur , and anifated balfam of fulphur ; 

J other folutions have been made of fulphur in expreffed 
?et oils, as that in the oil of nuts, called Rutland's balfam 
fulphur . 

Sulphur cannot be diflolved in oils, according to Mr. 
aume, without a heat fufficient to melt it. A larger 
unity of fulphur is kept diflolved in the oil while hot 
m when cold ; and accordingly, when oil has been fatu- 
cd with fulphur* by means of heat, a part of the fulphur 
arates from it when it cools, in the fame manner as many 
:s, kept diflolved in hot water, are cryftallized when the 
ter becomes cold. The analogy betwixt the falts and 
phur in thefe inflances is alfo obfervable in this refpewt, 
it when the oil in which the fulphur is diflolved is very 
idually cooled, the fulphur cryftallizes regularly, as falts 
in fimilar circumftances. 

Sulphur is not decompofed by the union which it con- 
fts with oils, when no more heat is applied than is ne- 
rary for the folution. For the fulphur, when feparated 
»m the oil, is found to be poflefled of all its properties, 
appears, however, that the connexion of its principles is 
fome meafure altered by this combination ; at leaft, if 
* may judge from the color and finell of the balfams of 
Iphur, which are different from thofe of the fulphur, or of 
i oil. 

But when the balfams of fulphur are difti lied with a heat 
pable of entirely decompofing them, the fulphur itfelf is 
en alfo decompofed. For according to an experiment 
ade by Hombcrg, and fome other chemifts, the fame 
inciples are obtained by this diffillation continued till the 
atter in the retort be dry, as are obtained from a combina- 
in of pure vitriolic acid with oils. Thefe principles arc, 
'ft*- a portion of oil, when the oil of which the diftilled 
dfam is compofed was an effential oil ; then fome volatile 
‘lphureous acid, which is at iirft watery, and afterwards 

becomes 


Digitized by 


Google 


SULPHUR 

becomes fti-onger; along with this acid more oil rifes* whic 
becomes more and more thick towards the end of the difti 
lation ; and laftly, when the retort has been red-hot, nothir 
remains but a fixed coal. 

From the above-mentioned products we find, that tl 
fulphur and part of the oii are decompofed in this diftill; 
tion. The vitriolic or fulphuicous acid certainly proceet 
from the fulphur : for no quantity of that acid can be ol 
tained from any kind of oil, nor from any pure vegetable < 
animal oily matter. The water contained in this fulphur 
ous acid is evidently a part of the water which is a princip 
of the oil : for the vitriolic acid of the fulphur being in 
ftate perfectly concentrated and dry, as {hall be afterwan 
fhewn, could not otherwife contain fo much water as 
does in this operation. Laftly, the coal which remaii 
after the operation, is a portion of the earth that is a princip 
of the oil, intimately united with fome of the inflammab 
principle either of the oil or of the fulphur, or moft pre 
bablyofboth. 

In this mutual decompofition of fulphur and oil, tl 
concentrated acid of the fulphur feems to attack the watex 
principle of the oil, while its phlogifton, which by th 
new union lofes much of its adhefive power, is partly dii 
engaged, and confounded with the phlogifton of the oi 
Thus the fulphur is changed into volatile fulphurcous acu 
And probably alfo a certain quantity of inflammable prin 
ciple is difengaged in this experiment, and is diflipated i 
vapors. Such appear to be the phlogiftic vapors, whicl 
kindling at once, produce the terrible explofions that fonu 
times happen w'hcn the combinations of oil and of fulphu 
are carelefly heated. Hoffman relates a Angular inftance c 
an explofion of this kind, which happened in a laboratory 
where balfam of fulphur had been left in a matrafs upon tfa 
fire. 

Spirit of wine does not adl fenfibly upon fulphur* unle! 
thefe two fubftances be applied to each other in the ftatc c 
vapor, as the Count de Lauraguais difeovered. Man 
combinations, now believed to be impofliblc, might b 
effected by employing the mod powerful means in chemiftry 
namely, an extreme divilion and reparation of integrar 
parts, as the Count de Lauraguais has done in the above 
mentioned fine experiment. By this means chiefly, vf 
may arrive at great difeoveries. From the above-mentione 
properties of fulphur we learn, that this fubftance is com 
poled of vitriolic acid and phlogifton. Stahl dunonftrate 
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his important truth fo qlearly and compleatly, as to (hew 
fie true ftate, and even the proportion of the principles of 
jlphur, not only from its analyfis, but alfo by its artificial 
ompofition, of which we (hall now fpeak. 

The procefs by which this chemift made fulphur exactly 
milar to native fulphur, confifts in mixing and melting 
>gether in a crucible equal parts of fixed alkali and of vi- 
olated tartar, to which is added a quantity of powdered 
harcoal equal to a fourth part of the weight of the falts. 
he matter is to be ftirred with an iron rod, that the char- 
)al may be well mixed with the falts ; the crucible is to 
: covered ; and a pretty flrong heat is to be fuddenly 
iplied, and continued during a very fhort time. The 
ucible is then to be removed from the fire, and the melted 
atter is to be poured upon a ftone previoufly greafed. 
his matter, which fparkles when it is poured, is coagulated 
r cold, and becomes a brittle mafs, of a deeper red color 
an ordinary liver of fulphur; but it has the fmell, the 
lability, the deliquefcency, and all the other properties 
liver of,fulphur. By diffolving it in water, and by add- 
g any acid to the folution, an artificial fulphur will be 
ecipitated, which being colle&ed and dried, is found not 
differ from natural fulphur. 

The color of this dry liver of fulphur is redder than that 
the ordinary preparation of that name; and when dif- 
lved in water, its folution is of a deep green color, in 
hich refpecl alfo it differs from the ordinary liver of ful- 
lur. Thefe differences proceed from fome foreign matter 
lited with the liver of artificial fulphur; and this foreign 
atter is a part of the charcoal employed in the procefs for 
aking the fulphur. For the whole quantity of charcoal 
ided not being converted into fulphur in this procefs, 
>me part of it is diffolved by the liver of fulphur as foon 
i this is formed; charcoal being foluble in liver of fulphur, 

> the younger Mr. Rouelle has {hewn. 

We (hould be much miftaken if we believed, that the 
llphur obtained in this operation exifted ready formed in 
iy of the fubffances employed, and that it is only extra&ed 
om thefe. Glauber had, before Stahl, performed this 
peration, by employing his fal mirabile inftead of vitrio- 
rted tartar ; but from his ignorance of the true theory, he 
dl into this miftaken opinion. Boyle alfo, haying pro* 
ured fulphur by diftilling to drynefs 7\ mixture of vitriolic 
cid and oil of turpentine, did not believe that he had 
iroduced this fulphur, but only that he had fcparqtfd it 
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from the fubftances employed. On the cOntrafy, we 
know certainly from many proofs, that -not a particle of 
fulphur exifts in vitriolic acid, nor in neutral vitriolic fairs 
with bafis of fixed alkali, nor in very pure alkalis, nor in 
any oil, nor *in any vegetable coal ; and confequerttly the 
fulphur obtained in thefe operations is a new product, re- 
fulting from the union of the vitriolic acid with inflammable 
principle of the vegetable coal, as Stahl has advanced. 

The fixed alkali mixed with vitriolated tartar in this 
procefs is not abfolutely neceflary ; for fulphur may be pro- 
duced merely from any vitriolic fait with any inflammable 
matter, made red-hot together : but the alkali as ufeful in 
this procefs, by facilitating the fufion of the vitriolated 
tartar, and by preventing the diflipation and combuftion erf 
molt of the lulphur, as loon as it is formed. This alkali 
unites with this fulphur, and forms a liver* in which the 
fulphur is lefs difpofid to burn, and be diflipated* than when 
it is not engaged with any fixed and incombuftible body. 

Although, rigoroufly fpeaking, the vitriolic acid itfelf* 
when difengaged, and treated properly with any com- 
buftible body, can always produce fulphur ; neverthelefs, 
in this operation, an acid engaged in fome baas to which it 
adheres ftrongly ought always to be employed ; fuch is thfe 
acid in vitriolated tartar, in Glauber’s fait, and even in al- 
moft all neutral vitriolic falts with earthy and metallic bafes * 
becaufe vitriolic acid cannot contradl with the inflammable 
principle the intimate union which is requifite for the 
production of true fulphur, excepting it be deprived of 
all the water that is not neceflary to its faline eflence ; 
that is to fay, in its highefl: degree of concentration, 
and even in a dry ftate. Befides, if a red heat be not 
abfolutely neccfi'ary to effect this combination, as thfc 
fulphur formed in the folution of fome metallic matters by 
vitriolic acid (hews, it is ncverthelefs very ufeful. But 
when a difengaged vitriolic acid is employed ; as, for in- 
ftance, when a mixture of this acid with an oil is diftilled ; 
the greateft part of the acid is converted into volatile fui- 
phureous acid, while any moifture remains in the mixture* 
and the fulphur is not produced till towards the end of the 
operation, when the matter in the retort is dry; and then 
the concentrated remaining portion of vitriolic acid* uniting 
with the phlogifion of the earthy coal of the oil, forms the 
fu’phur. 

Hence, fulphur maybe more copioufly and quickly made, 
by applying to a coal vitriolic acid engaged in fome bafis, 

Which 


Digitized by G»ooQle 


I 


SULPHUR 

widens it fo fixed that it may, by fire, bq deprived 
perfluous water, and even be made red-hot, thaft 
>yi ng this acid in any other manner. Accordingly 
rocefs is the beft. T*hefe confiderations on the belt 
:>f making fulphur are of little value, becaufe 
idphar is plentiful and cheap. But the difcovery 
hurcan be thus made, and the theory Which Stahl 
. concerning this fubje<5l, are very important. For 
nee we not only learn the nature of fulphur, of 
r e had an imperfe&, and even falfe idei ; but, 
riuch more valuable, we may thence draw a number 
mportant and very general inferences, the chief of 
sihali now merition. 

vitriolic acid and the inflammable principle cannot 
phur by combining together, unlefs they both be 
of all moifture, and be peife&ly dry. Hertce no 
ble body which contains in its compofition water, 
oils and ardept fpirits, can form with this acid, 
but only a volatile fulphureous acid, till thefe in- 
e matters bejdecompofed, and reduced to a ftate of 
ich i§ one of the dry combinations of the inflam- 
inciplei 

lly, the inflammable principle of all combuftible 
always capable of forming fulphur with the 
acid, provided it be, or can be made, dry. Thus 
irits, oils, and oily matters, or rather the coals of 
fubftapees, and all combuftible metals, do always 
►hufwhen treated properly with vitriolic acidj and 
the nature of the combuftible body be which trans- 
>hlogifton to the acid, the fulphur refulting from 
ys the fame, and always perfectly fimilar to natural 
Hence an important propofition is inferred, that 
inflammable principle exifts, which is always the 
ether it refides in refins, in bitumens, in oils and 
>als, or in metals. For if the inflammable prin- 
all thefe combuftible bodies was not the fame 
thefe bodies might form different fulphurs 
iolic acid, which we find from experience they 

y y vitriolic acid always quits any body with whigh 
► to be combined, when it can unite with the in- 
: -principle of any other body, and with this prin- 
ns fulphur when it is properly applied. Hence, 
lias a greater affinity with the inflammable prin- 
1 with any other fubftance ; and hence >ve may 
[I. C) difeover. 
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difcover, by means of phlogifton, thfe vitriolic acid, wit 
whatever fubftances it may be combined ; and reciprocal! 
vve may, by means of vitriolic acid, difcover the inflam 
mable principle in all bodies in which it exifts in' a coir 

buftible ftate. 

f'ourthly, the principles and properties df fulphur bein 
known, we may deduce from thefe properties a more a< 
curate knowledge of the particular nature of the inflam 
mable principle, by comparing the difference betwet 
fulphtir, volatile fulphureous acid, and pure vitriolic acii 
From this comparifoir we find, that the fmell and color < 
fulphur, its volatility, its conftant drynefs, its unfolubili 
an water, which properties do not belong to vitriolic acii 
; rc produced by the inflammable principle, that pofleftes a 
thde qualities in itfelf, or that is, at leaft, capable of con 
m micciting them to the compounds in* the combination < 
which it enters. See the Article* Phlogiston. * 

Fifthly, we have reafon to believe, that the iriffammabl 
principle polTdles eminently the above-mentioned properties 
for we know that the quantity of it in fulphur is much le 
than the quantity of the vitriolic acid. Stahl has ma* 
a fine experiment to difcover nearly the proportion of til 
two principles of fulphur. This experiment confifts i 
putting a quantity of powdered liver of fulphur upon a 
earthen-ware plate, and placing this plate upon a fire f 
gentle that the liver of fulphur {hall not be melted, nor eve 
io foftened that it can run into lumps. This powdt 
mull be ftirred, and the fire muft hi encreafed towards ti 
end, till no fmcll be perceived. The remaining math 
is to be diffolved in water, and By cryftailizatioiv a very pui 
vitriolated tartar is formed. 

In this operation, the inflammable principle of the ful 
phur is gradually diffipated without any fenfible combuftior 
and its acid combines, or remains combined, with the alka 
of the liver of fulphur. But we muft obferve, that t 
render this experiment exa£b> and to draw from it accural 
conclufions, the following conditions are required : ift, n 
mull know precifcly the quantity of fulphur' contained in th 
liver of fulphur employed ; 2dly, the liver ought to contai 
rather too much than too little fixed alkali, that there ma 
be certainly enough of it to faturate all the acid of ft 
fulphur; laftly, no part of the furphbl'eout acid muft efcaj 
chiving this dccompofition ; and therefore no fmell of tit 
r*ci :!, but only that of the liver of fulphur, which is vef 
c! liercr.t, ought to be perceived. To prevent this diffipi 

tie 
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of volatile acid, we mull proceed very (lowly; and 
operation accordingly requires a long time. Mr. 
ldt, who has carefully repeated it, found from the 
itiryof vitriolated tartar obtained by this method, that, 
uJphur, the proportion of inflammable principle i£ to 
of the vitriolic acid as three to fifty ; that is, that 
fulphur contains only one iixteenth of its weight of 
mmable principle. ' 

ich is the ftate of our actual knowledge concerning the 
re and principles of fulphur, which Stahl has rendered 
compleat and accurate. We find that fulphur is a pe- 
ir combination of the pureft inflammable principle with 
olic acid; that not a particle of oil is contained in it; 
it is therefore very different from bitumens, with 
hit has been long confounded ; that, (till more impro- 
r , the name of fulphur has been given to all other 
mmable bodies, which are entirely different from it ; 
we ought therefore to confine the name of fulphur to 
:ompound formed of pure vitriolic acid and pure phlo- 
n, unlefs we would apply it, as the ancient chemifts 
done, to the inflammable principle itfelf, which they 
d the principal fulphur ; but in this cafe v/c ought to 
another name to mineral fulphur. 

“t us remark, neverthelefs, on the fubjecl of the name 
z/r, that as other acids betides the vitriolic can alfo 
raefc an intimate union, and form compounds with pure 
gifton, this name may be generally applied to all 
pounds of pure acid and phlogifton, which may be 
nguifhed from each other by adding the name of the 
; as vitriolic fulphur , nitrous fulphur , and marine ful - 
, if any fuch fulphur does exift : but let us alfo 
irk upon this fubje&, that we can give this name of 
)ur to thofe compound bodies only which do not contain 
oil; this condition being efTcntial to the fulphureotis 
bination ; and confequently, that we cannot admit of 
us fulphur , of tartar eous fiilphur , or of others of this 
ire containing vegetable acids, which cannot ever form 
uly fulphureous combination, on account of the oil 
ch enters into their compofition as an eflential principle. 
the article’s Acid (Vitriolic), Acid (Volatile 
’Ph ur eous), Detonation of Nitre, Liver of Sul- 
JR, and PrfLoGlSTON. 

lie ufes of fulphur arc confiderably extenfive in chemi- 
, in medicine, and in arts. The liver of fulphur is 
O 2 employed, 

. .ur i 
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employed in chemiftry for feveral folutions, which maybe 
fcen at the article Liver of Sulphur. Sulphur is alfo 
ufel'ul for feveral fufions, precipitations, and reparations 
of metals and minerals, as vve have already mentioned. 
Laltly, as fulphur contains a very large quantity of vitriolic 
acid, a method has been found* and is now praCbifed, ot 
extracting from it this acid, by burning fulphur in clofe 
veffels with the addition of loine nitre, and by an operatior 
limilar to that of the clyflus. See Clyssus. 

Sulphur is employed in medicine, both internally anc 
externally, for afthmatic difeafes of the bread, and foi 
feveral d ilea fes of the flein of the nature of the itch. Thi 
internal preparations of fulphur are, powers of fulphur 
walhed fulphur, magiftery of fulphur, tablets, balfams 
livers of fulphur, and others, in fomc of which this fub 
dance is not altered, but only purified and divided, and ii 
others is combined and afl'oeiated with other fubflances 
without reckoning the fulphurcous combinations of anti 
mony and of mercury. 

Some phyficians and chemifh, conlidcring that fulphi 
is unfolubie in water, and capable of refilling the action < 
moil menftruums, have advanced, that it can produce r 
effeCt when taken internally, fmgle and unaltered : but th 
affertion fee ms to be without foundation ; for we a 
certain that the fweat and perfpi ration of thofe who tal 
fulphur internally have a imcll evidently fuJphureous. B 
tides, fulphur is much more folul.de than is generally b 
lieved. It is attacked bv all oilv and faponaceous fu 
llances, and confequently by aimoil all animal liquors. 

We cannot eanly form a very diflinCt: and clear idea 
the manner in which fulphur acU internally upon o 
bodies; but from obfervat ions made upon its effeCts, it a 
pears to be dividing, ilimulating, and fomewhat heatin 
it pi incipuily ads upon the perfpirable parts of the boc 
the chief of which are the fki n and lungs; and from tl 
property, it is particularly ufeful in fomc difeafes of th 
parts. 

Sulphur is alfo a powerful repellent, as appears from 
tuning feveral kind', of itch, merely by external applicati 
in form of ointments and pomatums. 

Several mineral waters, which are drank, or ufed 
baths, for fomc difeafes, owe their good qualities to fulpl 
contained in them. Such are the waters of Cauterets, 
Mont D’or, of Aix-la-Chapclle, and of Saint-Ama 
Accordingly, thefe waters are employed in feveral difeafes 
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jreaft and of the fkin. Laftly, fulphur combined with 
'fubftances may contribute to -their medicinal powers. 
^articles Balsam ^Sulphur, Cinnabar, Ethiops 
eral, Mineral Waters, Liver of Sulphur, 
mes Mineral. 

Iphur is alfo ufed in feyeral arts. By means of it fine 
?flions of engraved (tones are taken. Matches are 
*d ef it ; and its utility as an ingredient in the prepa- 
1 of gun - powder and fire -works is well known, 
y, it is ufed for whitening wool, filk, and many 
matters expofed to its vapor during its combuftion, 
olors and rednefs of which could not be deftroyed by 
)ther fubftance, but are quickly effaced by this acid 

p 

JLPHUR (GOLDEN) of ANTIMONY, 
en fulphur of antimony is a mixture of fulphuj and 
us of antimony, of an orange color, which is obtained 
ffolving the fcoria of regulus of antimony, and by pre- 
iting this folution by means of an acid, 
e may fee at the article Regulus of ANTjMONy, 
this icoria is a liver of fulphur, containing a certain 
tity of the reguline part ojf antimony. When therc- 
his antimoniated liver of fulphur is diflolved in water, 
vhen any acid is added to this folution, the acid feizes 
the alkali of the liver of fulphur, by means of which 
r ulphureous and reguline parts of the antimony were 
fufpended in the water, and at once precipitates both 

though this precipitate be compofed of fulphur and 
us of antimony, as crude antimony alfo is, its proper- 
ire nevertheless very different from thofeof this mineral, 
precipitate has no metallic color or appearance, and 
fides poffeffed of a powerful emetic quality, which the 
nony has not. Thefe differences proceed from the 
nirof the precipitate not being united with the reguline 
in the fame manner, nor fo intimately, as in crude 
nony. In the golden fulphur, the reguline part is only 
iwith the fulphur, and is in a great meafurc difengaged 
uncombined ; whereas in crpde antimony, il is inti- 
dy connected and united with the fulphur. 
rolden fulphur has fome r.efemblancc to kermes mineral : 
it differs effentially in fome circumftances, namely, 
a fmall portion of fixed alkali remains united with 
kermes when well prepared, that is, not too much 
aed, and that the proportion of fulphur is greater iij. 

O 3 kermes 
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kermes than in golden fulphur. To be convinced of tl 
differences, we need only to attend to the circumftar 
which accompany the precipitation of thefe two fubftaru 
Kermes is precipitated fpomaneoufly without addition 
any acid, and merely by the cooling of the folution of 
antimoniat.d liver of fuiphar which contains it : it is th; 
fore compofed of the reguline part, but efpcciaily of 
fuperabundant quantity of fulphur, which the alkali can 
keep difTolved, but by means of a heat almoft equal to i 
of boiling water: whereas the folutions of antimoni. 
liver of fulphur, not only that of kermes itfelf, but 
that of the fcoria of the regulus of antimony which 
depofned its kermes by cooling, contain no more fulp 
than the alkali can keep diifolved without heat, wl 
quantity is therefore lefs than in the kermes. Befides, 
acid neceflary for the precipitation of the golden fulp 
feizes all the alkali ; whereas a little of it always adhere 
the kermes during its precipitation. 

The golden fulphur of antimony was much emplt 
when preparations of antimony w f ere hrft introduced 
medicine, but is now pretty much negledlcd } and ju: 
becaufe the kermes and emetic tartar produce the f 
effects more gently and more uniformly. Sec AktXMi 
and Ker?,ie$ (Mineral.) 


T ALK. See Mica. 

TAR. See Pitch. 

TARTAR. Tartar is a concrete, oily, veget 
acid, which is depofited and is cryftallizcd in liquois 
have undergone the fpirituous fermentation. It is a kin 
eflential f.ilt of wine. 

Probably wines of all kinds depofite a greater or 
quantity of taitar; but the wine of grapes is one of t 
which turnifh the rnoft of it, and the tartar of this wii 
almoft the only one that is employed or known. 

All wines of grapes do not furnifh an equal quantil 
tartar. Some of them depofite it abundantly, and ot 
but a fma!l quantity only. Sometimes a longer and fomet 
a /hortcr time is required for the depofition of ta 
Generally a long time i:‘. required, and alfo an infen 
kind of fermentation, which continues in the wine a 
lime after the figns of the fenfible fpirituous ferment: 
fcaVfe ccafed.’ See 
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srtar is depofitcd on the Tides of the cafks contnin- 
On thefe a hard cruft is formed, which becomes 
i more thick ; and as a portion of the fine dreg-s 
ine adheres to this cruft, the tartar of white wine 
jreyifh-white color, and is called white tartar ; 
of red wine has a red color, and is called red 

, when feparated from the cafks on whiqh it is 
is mixed with much heterogeneous matter, from 
is purified for the purpofes of medicine and of 
r . This purification of tartar is performed at 
er, and confifts (as we find from a Memoir of M. 
^rofeflor of Medicine at Montpelier,, printed 
le Memoirs of the Academy for the year 1725J in, 
irtar in pure water, in filtrating this water, and in 
the faline matter to depofite by cold. By this 
ation, the grofl'er impurities which adhere but 
> the tartar are feparated : but the cryftals obtained 
peration are ftil] red, and charged with an oily 
itraneous to the tartar. 

this extraneous matter the tartar is purified by boil- 
t water in which clay is diffufed. By a fecond 
and cryffallization, very pure and white cryftals of 
: obtained ; but they are 1'ipall and ill-fhaped, from 
entfs of their formation. 

cryftallization is partly performed by evaporation* 
[y by cold. The part which cryftallizes by evapo- 
rms a faline cruft upon the furface of the liquor, 
fam of tartar } and the part which cryftallizes by 
ns fmall irregular cryftals^ called cryjtals of tartar ^ 
name of cream of tartar has prevailed over the 
b that it is at prefen t applied alfo to cryftals of tar- 
fignifies in general purified tartar, 
t of tartar has a taftc fcnfibly acid j it reddens the 
M's of vegetables ; it may be faturated by uniting 
{ of thofe fubftances which arc capable of forming 
ds neutral falts ; and it may be afterwards fepa- 
>m thefe fubftances, ai>d may recover its former 
ice. Accordingly, we are certain that this faline 
; an acid. Its property by which it is concrete and 
table, it receives from a portion of earth and oil, 
jeh it is intimately combined, and which approxi-* 
to the nature of neutral falts, efpecially in what 
i the cryftallizable quality and the fol utility of thefe 
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Tartar, although acid, is not very Tollable in water ; it 
even much lefs foluble than moft of the perfectly neuti 
falts. According to Mr. Spielman’s experiment, an our 
of diftilled water can diffolve only three grains of crei 
of tartar, with the heat of fifty degrees pf Fahrenhei 
thermometer, which is equivalent to the tenth degree 
Mr. Reaumur’s. By help of a boiling heat, water diffob 
much more tartar but this tartar cryftallizes very quid 
when the water ceafes to boil. The oily part of the tar 
feems to be the chief caufe of its difficult folubility 
water. 

Tartar is in a great meafure decompofed and tota 
changed by the adtion of fire. If cream of tartar be difti 
ed m a retort with a naked fire, a little phlegm will f 
rife with a gentle* heat. When the fire is gradually encreaf 
which muft be done very cautioufly, on account of the pg 
digious quantity of air that is difengaged during this difl 
lation, an acid arifes in form of white vapors, which ; 
accompanied with an oil, at firfl thin, but afterwards m< 
and more colored and empyreumatic. In the retort th 
remains a coal, ftrongty alkaline, equal in weight to tv 
thirds of the tartar employed. 

The acid obtained in this diftillation is indeed oily, s 
therefore retains the charadter of a vegetable acid but ii 
very different from the tartar itfelf. It is no lqnger cryft 
Jizable j it is only an oily empyreumatic acid, fimilar to wi 
is obtained from al) other vegetables by diftillation ii 
naked fire., Thefe differenced ,muft be attributed to 
portion of oil and of earth, which are feparated from t 
acid by diftillation. As to the refiduum of coal, the fi: 
alkali, which it contains ready formed, is remarkable, a 
fidering that here there is no incineration in open f 
which is generally neceffary for the production of all 
from almoft all other vegetables. The caufe of this < 
ference probably is, that the acid of tartar is almoft entir 
changed into fixed alkali, is more difpofed to be alkali 
than any other vegetable acid, whether this difpofit 
proceeds from the quantity of earth and oil which are 
timately mixed with it, or from fome change produced uj 
it by fermentation. Mr. Spielman thinks, with mi 
probability, that acids are changed into alkalis by the fi 
ftradtion of a part of their aqueous principle : and 
nature and proportion of the conftitucnt parts of tai 
appear to be yery proper to favour this fubftradtton of 

wat 
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principle by the aflion of fire. This fubjeft 
:ure, and would require a more profound exajni- 
(i) 

RTAR EMETIC, or S TIBI ATE D 
'AR. Thus is named the compound formed of 
of tartar combined with the metallic part of anti- 
vhen this is half deprived of its phlogifton. It is 
and moll ufed of all the emetic preparations of anti- 
ecaufe the metallic part of this mineral, which gives 
tic quality, is in a faline ftate, and is perfe&ly fo- 
water. 

n analyiis of cream of tartar has been publifhed by Mr. 

I the third part of the &wedijh Tranf, for 1770. If pow- 
alk be added to a folution of cream of tartar in water till 
/efccnce ceafes, a copious white fediment will fall to the 
and tfie liquor will, by evaporation, yield foluble tartar, 
ves that cream of tartar is nOt an acid joined with im- 

but a compound fait containing an alkali with an acid, 
te fediment may be called tartarous felcnites , being cal- 
jarth united with the fuperabundant acid of the cream of 
f to this felenites, dilute vitriolic acid be added, a gyp fu in 
>rmed, and the liquor contains a pure acid of tartar. This 
f 9 by evaporation, be made to form final 1 white cry dais, 

0 not deliquiate. By adding to this acid fome vegetable 

II the effervcfcence is over, a tranfparent faline fluid will 
ned 5 but if more acid be added, fmall cryftals will con- 
hich are cream of tartar. 

s been generally believed that the alkali of tartar and 
vegetable fubftances is merely the effedl of the combuftion 
d m the preparation of the alkali. But M. Margraaf 
s, that it exifts in fuch vegetable fubftances previous to 
mbuftion, and fhews that a fixed sdkali may be feparated 
tar by means of acids, without combuftion. He diflolved 
of cream of tartar in two gros of fpirit of nitrre ; and 
e folution, which was clear and tranfparent, he obtained 
of falt-petre ; and by digefting, with a very gentle heat, 
s of powdered cream, of tartar with marine and vitriolic 
te obtained a regenerated common fait, and a vitriolated 
As thefe neutral falts are known to confifl of their re- 
acids united with the vegetable fixed alkali, it is evident 
y muft have received the alkali from the tartar with which 
Is were mixed, and confequently that this alkali exifts in 
le fubftances independently of combuftion. M. Mar- 
btained alfo falt-petre by adding nitrous acid to falc of 
icrries, and to fawings of wood. 
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T his preparation has been juftly fubilituted for the goldeq 
fulphur, for the regulus, for the Uvcr and glafs of antimony, 
and for the powder of Algaroth. It is infinitely preferable 
to thefe preparations for the reafbns mentioned ; but un- 
fortunately, the method of preparing this important reined* 
has not been fixed and determined. If in fa£t we confer 
the fcveral Difpenfatories, we fhall find very different pro- 
cedes directed : the cream of tartar is employed by all 
but fome of them require that it fhould be boiled witt 
the liver of antimony, others with the glafs of antimony, 
and laftly, fome with both of thefe preparations. Thi 
proportion alfo pf the ingredients, the , length of time ol 
boiling, the method of cryftallizing and drying the fah 
after it has been boiled, are different in different Difpen- 
fatorics. 1 n whatever manner cream of tartar is treatec 
with the abovementioned preparations of antimony, vn 
always obtain an emetic tartar much preferable to theancienj 
emetic preparations of antimony. But we are alfo certain, 
that the emetic tartars obtained by thefe feyeral precedes an 
ibmetimes mpre and fometimes lefs emetic ; which difference 
is certainly a great inconvenience in fo important a medi- 
cinal preparation as this is. 

Probali ! this diverfity has been pccafioned by perfons 
not coniidcring, or not knowing, that the emetic quality of 
this preparation proceeds from the metallic earth being dif- 
folvcd by the acid of tartar, and forming with it a kind 
of foluble tartar, a true neutral fait, no lefs capable of a 
very cx;uM faturation than the vegetable felt, the fait of 
baguette, and all the other foluble tartars. For this fatiir 
ration being a fixed point, apd cafily to be foujid, wpuld 
probably have been univerfally preferibed, as is done for 
ail other neutral felts, if it had been well known to have 
occurred in this inftance, But as it is now fufficiently 
afeertaiped, we may hope that all the faculties of medicine 
will adopt it, that there may be hereafter only one kind of 
emetic tartar, always equally flrong. Upon this fubjeci wc 
{hall add fome obfervations. 

Firft, although regulus of antimony be eflcntially emetic, 
it ncvxrthclcfs produces lefs effedt than the liver or theglafc 
of antimony, becaufc it is lefs foluble. Thefe two prepa- 
rations, which are only the metallic earth of antimony de- 
prived of a part of phlogifton neceffary to the re^uline date, 
are for that reafon more eafily foluble by acids than the 
regulus, and are con fequcntlv more emetic. But the glafs 
js dill more emetic than the liver, becaufc it has lefs phlo- 
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?v4r. Beaum6 affirms from experiment, that this acid m mj 
he eafily faturated with the reguline part 6f antimony: and 
as the glafs of antimony is the moft emetic and moft folubie 
of all the antimonial preparations made by fire, we ought 
to prefer it to all other in the preparations of a perfectly 
neutral antimonial folubie tartar. For this purpofe, wc 
muft mix together equal parts of cream of tartar and of por- 
phyrifed glafs of antimony, or rather a larger quantity of 
the latter ingredient. This mixture is to be thrown gra- 
dually into boiling water ; and the boiling muft be conti- 
nued gently, till there is no longer any effervefcencc, and 
till the cream of tartar be entirely faturated. The liquor 
is to be filtrated j and upon the filter we may obferve a 
certain quantity of fulphureous matter, together with fomc 
undiflolved part of the glafs of antimony. When the fil- 
trated liquor is cooled, fine cryftals will be formed in it, 
which are a folubie tartar perfectly faturated with glafs of 
antimony. The cryftals of this fait have the form of 
triangular pyramids (k). They are tranfparent while 
they are moift; but by expofure to a dry air, they lofe apart 
of the water of their cryftallizatioh, and become opake 
and white. 

As the perfect Saturation of acids requires conftantly a 
determinate quantity of any fubftance which they can dif- 
folve, we fhould be certain, by Saturating compleatly cream 
of tartar with glafs of antimony, that the emetic tartar thus 
prepared would conftantly contain the lame proportion of 
emetic antimonial parts* The cryftallizing and draining 
of neutral falts in general, is a good method for obtaining 
them in their moft perfect ftate : accordingly this fait ought 
to be firft cryftallized j but as by expofure to the a&ion of 
air it is apt to lofe fome of the water of its cryftallization, 
it ought, immediately after it is cryftallized, to be well 
dried ^ and then it would remain unchanged. I have fre- 
quently ad miniftered emetic tartar thus prepared, and I have 
Always obferved, that it very well produces an emetic effeS 
when taken from a grain to two and a half, or three, ac- 
cording to the conftitution of the patients. 

Authors, who have given receipts for the preparation of 
emetic tartar, have differed, as we have obferved, not only 

I n author probably means pyramids, the bafis of which 
i a triangle: for every pyramid muft evidently have, at leaft, 

lour folid angles* 

as 
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le kinds and proportions of the antimonial prepare 
aich they direft to be boiled with cream of tartar, 

► as to the duration of boiling. Some of them re- 
lat the boiling fhould laft twelve hours, and others 
Few inftants, believing, with Hoffman, that this fait, 
ptible of decompofition, and^ of lofing its emetic 
by a long-continued boiling. Mr. Beaume has de- 
d this matter by well-condu£ted experiments, which 
at emetic tartar, like other metallic falts, is capable 
r decompofed by other metals to which its acid has a 
* affinity than to the metallic bafis, and that iron, parti- 

> is capable of producing this effe& upon emetic tartar; 
f it be boiled a long time in an iron veffel, it is actually 
bfed, and the liquor is gradually changed into a tar- 
tin&ure of Mars. But Mr. Beaume alio found that 
tartar may be boiled during any length of time in 
nade of filver or of glafs, without being decompofed • 

refults of thefe experiments of Mr. Beaume arc, 
it any veflels ought not to be employed in the pre- 
n of emetic tartar ; that efpecially iron, and even 
, ought to be avoided, for this latter metal is found 
aft a little upon emetic tartar; and that vefTels of 
r of glafs ought to be ufed. 2. That as the inten- 
the operation is to faturate perfe&ly the cream of 
the boiling muft be continued till this faturation be 
l, which requires a long time when the glafs of anti- 
s grofly pounded, but a much fhorter time when it is 
>rphyrifed, as Mr. Beaume praflifes. 
muft acknowledge that emetic tartar, prepared by 
iturating completely the acid of tartar with glafi of 
ny, muft be infinitely more uniform in its effects, 
hat is obtained by any of the other procefTes hitherto 
ed. Neverthelefs, when we refleft on the nature of 
is of antimony, we cannot affirm that this emetic 
ation, notwithftanding its perfeft faturation, muft 
be of equal ftrength. Glafs of antimony is made 
ng the grey calx of antimony, calcined to a certain 
. We know alfo, that if it be too little calcined, 
all obtain an opake matter, that refembles the liver 
han the glafs; but that if it be too much calcined, 
lot be vitrified, nor even; fufed, by the moft intenfe 
But between the degrees of calcination which is fuffi- 
:o give an opake fufed matter, and the degrees when 
ins to be unfufible, there are many intermediate degrees 
crination, all of which are fufficient to produce glades 
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of antimony; but thefe glaffes differ in degree of tranfpa- 
rency, intenfity of color, and fulibility, according as the 
calcination has been more or Jels compleat. We cannot 
<doubt that different glafiesof antimony mult be more or id's 
emetic, and that perhaps different quantities of thefe glaffes 
arc required for the perfect faturation of the acid of tartar. 
Bthdes, we are nor only ignorant of the degree of calcina- 
tion which renders the glafs moft emetic; hut alfo, if we 
did kno\v it, we have no very certain method of attaining it 
precifeiy. 

Hence, we arc not certain tffat the emetic tartar, prepar- 
ed by faturating tartar with glafs of antimony, has always 
an uniform and cunihint emetic power. Thefe confidcra- 
tions .have determined me to fearch, among the fcveral pre- 
parations of antimony, for one which Ihould have the fame 
advantages that glafs of antimony has, of being conveiti- 
ble into a neutral fait by means of tartar, without the in- 
convcniencies of its uncertain degrees of emetic ftrength ; 
and I have found that the powder of Algaroth^ or mercury of 
life , is capable of anfwcring thell* intentions. 

This preparation, which was formerly employed as an 
emetic, has. been juftly rejected with the other antimonials 
that have not a faline quality, becaufe it has the fame in- 
convenu ncies as thefe have. It occalioned accidents fo ter^ 
rible, that fome phyficians have affirmed, that it ought 
with more propriety to be called the mercury cf death than 
the mercury of life. But thefe fatal effects do not prevent 
the poffibility of rendering it a good remedy by a proper 
preparation; in the fame manner as a glafs of antimony, 
which given fingly, produced much mil'chicf, has faved 
many lives fince it was converted by its union with tartar 
into a molt efficacious remedy. 

Two caufcs concur in rendering the powder of Algaroth 
a violent and uncertain remedy. Tbcfiiit is common to it 
with glafs of antimony, and with all the other antimonial 
preparations that arc not faline ; and is, its want of folu- 
bilityin water, for the reafons that wc have affigned. The 
fecond caufe of the violent and uncertain effects of powder 
of Algaroth is, that a certain quantity of marine acid re- 
mains united with it, and communicates to it a certain de- 
gree of cauftic quality. But both thefe caufcs of the bad 
effedts of this preparation may be eafily and certainly re- 
moved. For, by waflung it with a little fixed alkali, all 
the acid may be feparated. And I have found from expe-* 
riir.cnts, that the powder thus wu&hcd is altogether, foluble 
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0 of tartar, and of being thereby conmtible iittif 
! emetic tartar, pprfecUy neutral ; for which ,pur- 
>thing more is required than to boil it, and faturate 
cream of tartar, and ' to treat it in the manoar 
ire&ed for the preparation of emetic tartar with 
antimony. We may eafily perceive that powder 
roth thus prepared, is a calx of antimony conftant- 
le fame degree of emetic ftreugth. h is emetic;, 
the regulus of antimony , firft diflolved by marine 
d afterwards feparated from that acid, retains th& 

of phlogifton that is neceflary to give an emetic 
to the calx of antimony .• but tne quantity of. ph la. 
rhich it retains, and therefore its emetic powe{, 
rays be the fame : for the marine acid of the corro- 
imate, which afterwards becomes the acid of the 
►f antimony, is always the fame in quantity, and 
grees of concentration and of. a&ivity ; confequently 
of antimony feparated from irmuft always contain 

1 quantity of phlogifton; and is therefore much 
le to glafs of antimony, which contains Come times 
d fometimes lefs phlogifton. 

ibftituting therefore powder of Algaroth to glafs 
lony, and by treating it in the manner above-men- 
we may obtain the moft uniform and certain emetic 
lat can be prepared : phyiicians, who muft be fen- 
the advantage of fuch a remedy, need not be 
concerning its degree of ftrength- If it were once 
they would have occafion only to attend to the 
ty Or irritability of the conftitutions of their pa- 
See the articles Antimony, Powi>er^ Algaroth,. 
of Antimony, and alfo all the other preparations of 

R.T AR (VITRIOLATED). Vitriola ted tartar 
tral fait competed of a vitriolic acid Saturated with 
d alkali of tartar, or with any other pure vegetablo 
kali* 

fait is prepared by pouring vitriolic acid into a folu- 
vegetable alkali, till no more effervefcence appears, 
;he liquor becomes perfectly neutral, which may be 
by the ordinary trial of fyrup of violets. From 
nor, filtrated and evaporated, (mail cryftals are ob-> 
each of which has many fides, fometimes more, 
netimes fewer ; for the cryftalliaation of this fait 
luch in this refpedt. It is, in general, one of tbefe 
te form of whole cryftals is the leaft conftant. The 
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grcafefi number of the cryftals of this fait appear to have 
been cubes, the angles of which have been cut off. 

Vitriolated tartar is one of the falts which cryftallize 
better by evaporation than by cold. It requires a large 
quantity of water to difl'olve it. According to Mr. Spiel- 
man’s experiments, thirty grains only of this fait are 
foluble in an ounce of w ater with a heat marked by ten 
degrees above o in the fcaleof Mr. Reaumur’s thermometer. 
Its tafte is moderately firlinc, and fomewhat difagreeable, 
but not acrid nor fharp. It decrepitates, when heated 
fuddenly and ftrongly. It contains a fmall quantity only 
of the water of crystallization, by means of which it cannot 
be liquefied - y neither can it be fufed but by a very intenfe 
heat. 

As vitriolic acid has a greater affinity with the fixed 
alkaline bafis of the vitriolated tartar than with any other 
fubftance, excepting phlogifion, and as this alkali has a 
llrongcr affinity with this than with any other acids, hence 
vitriolated tartar cannot be dccompofed but by means of the 
inflammable principle, as in the procefs for making artifi- 
cial fulphur. Mr. Beaume has indeed difeovered, that 
vitriolated tartar may be dccompofed in the humid way by 
nitrous acid alone, which difengages the vitriolic acia, 
and forms nitre with its alkali. But if we examine well 
all the circumftances of this phenomenon, we fhuH find 
that this is no exception to the genera! rules concerning 
affinities, and that phlogifion is the principal agent in 
this fingular decompofition, as Mr. Beau me has fhewn 
in the explication that he has given of it. (!) 

Vitriolated 

(!) Vitriolated tartar may be decompos'd by nitrous acid 
in the following manner, according to Mr. Beau me. Equai 
parts of vitiiolatcd tartar and nitrous acid are put into a matrafs 
and heated till the fait be diiiblved. From the liquor, when 
cold, true crylbls of nitre may be obtained. Mr. Bcacir.e be- 
lieves that this decompofition is effected by means of the greatci 
affinity of the nitrous than of the vitriolic acid to the phlogdioiv 
whkh, he fuppofes, enters into the compontion of the vitnolatec 
tartar: and he thinks that the rcafon why this decompofit’.oi 
does not happen in the dry way, or by fufion, as well as in th< 
humid way or by cold folution, is, that the nitrous acid is ir 
the former cafe diflipated by the adlion of the fire. This fingu 
lar fudl, which feemJ to contradict a general opinion, namely 
that vitriolic acid is more difpofed than nitrous acid to uniu 
with fixed alkali, is aifo confirmed by the intelligent an< 

nccurat< 
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>ated tartar may alfo be decompofed by means of ft 
Inity, when it is mixed with folutions of certain 
acids. But as by phlogifton only metals are dif- 
acids, we need not doubt that this principle has 
influence in thefe decompoiitions. 
ritriolic acid has a greater affinity than any other 
fixed alkali, we may therefore make vitriolated 
applying that acid to any neutral fait compofed of 
id a fixed alkali, as in the decompolition of nitre; 
fixed alkali has a greater affinity with vitriolic 
any other fubftance* vitriolatea tartar may be 
made by applying a fixed alkali to any vitriolic 
dt, the bafts of which is not fixed alkali* Ac- 
, all vitriolic feltfc with bafes of volatile alkali* 
ous, argillaceous, or metallic earths, may be de- 
by fixed alkalis ; and the compound formed by 
[>mpofitions will always be a vitriolated tartar; 
of the fixed alkali employed in the operation, 
ie vitriolic acid of the decompofed neutral fait*, 
may perceive, that vitriolated tartar is made in 
mical operations. 

the theory of thefe operations was underftood; 
e the fixed vegetable alkali was known to be the 
i whatever vegetable it was obtained, the feverAl 
tartars formed in different operations* and with 
alkalis obtained from different vegetables, were 
> be different kinds of falts, and were diftinguifhed 
nt names ; as the fal de duobus , fal polychrejl of 
canum duplication . But we confider all thefe falts 
e vitriolated tartar* with which the other names 
mous. 

It is not of any ufe ill the arts, And is but little 
emiftry. It is principally employed in medicine, 
other neutral falts with bafes of fixed alkali, it 
e in fmall dofes, as a gros [72 grains] ; and it is 
vhen taken from fix gros to twelve. The vitrio- 
r which is prepared by decompofing nitre with 
:id called fal de duobus , has been much celebrated 

r. Margraaf, who further affirms, that in the fame 
treatment, vitriolated tartar, Glauber*s fait, and 
be decompofed by marine acid. As marine acid is 
it more difpofed to unite with phlogifton than nitrous 
c acids are, Mr. Beaume's explanation of this fingu- 
mtion does not ieem to be fatisfaftory. 
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a? a remedy againft the effe&s proceeding from an extras 
fation of a milky humour, for which difeafe it has bee 
confidcrcd as the beft refolvent and evacuant. Neverthclel 
as Mr. Baron well obferves in his Notes oil Lemery, r 
renfon can be given for preferring this fait to other neutr 
falts. On the contrary, as it is one of thofe which a 
moft perfectly i'aturated, its abtion and qualities muftbele 
effectual than moft of thefe. See the articles Acid (V 
triolic) y Alkali (Fixed Vegetable) ; Crystall 
z at ion i and Salt. 

TERRA FOLIATA TARTARI; Foliate 
Earth of Tartar. This name has been given impr< 
perly, and merely for the fake of fomc earthy appearanc 
to a neutral acetous fait with bafts of vegetable fixed alkali , < 
to a combination of the acid of vinegar, lat u rated with tl 
alkali of tartar or of other vegetable matters. This f: 
has alfo been called regenerated tartar , although it really 1 
very different from true tartar, but only becaufe the alk: 
of tartar is united with an acid, which in fome refpedfs 
fimilar to the acid of tartar, but in others is very di 
ferent, as may be lien at the articles Tartar and Vinj 

CAR. 

The terra foli ita is made, according to moft difpenf 
tories, by pouring upon a quantity of alkaline fait of tarta 
in a glals-cucurbit, a fufticient quantity of good diftilh 
vinegar, at different times, to faturate all the alkali, < 
even a little more than is ncceflary for that purpofe, ar 
till the effervefcencc entirely ccafes. This faturated liqu< 
is to be filtrated, and evaporated to drynefs, with a gent 
heat. The drv fait thus obtained is to be dillolved in fpir 
of wine, and the folution b to he a wain evaporated to dr' 
ntf\ ; by which means a lalt is obtained more or l c fs whit 
of a fiiky appearance, and compofed of fmall lc.ilcs \ 
leaves, from winch it ha> been called jViiutccL When tl 
fait is dried, and while it k yet hot, it mu ft be fiuit up in 
well clofed bottle, becaufe it quickly becomes moift l 
txpofurc an air. 

When diftiiled vinegar is pound upon fait of tarta 
little or no effervefeenee is made at hi if; but afterward 
when more vinegar is added, the cfftrvelVence becorn 
fc; ccnfiderable, that fome of the liquor will flow over tl 
vefirh if care be not taken. This effervefcencc is produce 
by a large quantity of air that is difengaged during th 
jjturation. Accordingly the vapor extricated during tf 
Jtbn e/cencc is very aerial \ and fo pungent, that if it L 
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wne time in a clofe veflel, and then fet at liberty, 
rritating and fufFocating as volatile alkali, oi 
Jphureous acid, although it be really different 
a* of thefe : for this vapor is nothing but 

:r fimilar to the gas of fpirituous mineral 

. 

the faturation is advanced to a certain degree, 
rfcence diminifhes, and even ceafes entirely, 
ie faturation be not yet com pleated ; the reafoi> 
is, that the laft portions of acid and of alkali 
•y readily combine. The combination may be 
by frequently agitating the liquor, by which 
effervefcence may be again renewed. When 
cannot by agitation be made to etfervefce more, 
then allowed to ftand during fome time, as Mr. 
adifes. This chemift, and very excellent ob- 
remarked, that the mixture depofites a certain 
r earthy matter proceeding from the (fixed alkali, 
muft be neceflkrily feparated by filtration, to 
ry white foliated earth of tartar. He has alfo 
hat when the alkali employed is very pure, and 
:he mixture of neutral falts, the faline matter 
by the procefs has no foliated or cryftallized 

i already remarked, that foliated earth of tartar is 
cnt fait. This quality proceeds from the weak- 
unioa of the acid with the alkali ; the caufe of 
it union is, that fome oily and fpirituous prin- 
nited with the acid in vinegar. The tafte of the 
rth is fharp, pungent, almofl a little cauftic, 

vapor which caufcs the efFervefcence in the prc- 
this fait, is the gas that is difengaged from all mild 
►ftanccs by means of any acid ; and the humid part 
r is nothing more than fome particles of the efrer- 
or, which are forcibly thrown upwards by t he rifing 
hich form a fmall jet or fhowcr above the furfr.re 
rvefciag liquor. See Ga$. The reafon that this 
: docs not begin immediately upon pouring on the 
that a part of the alkaline fait employed is generally 
deprived of its gas, which part unites with the 
ably to the mild part of the alkali, and abforbs 
t is extricated from this latter part: and theiefore 
auftic part of the* alkali be nearly laturated, little or 
encc cau happen. 
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and partaking at the fame time of the taile of vineg 
and that of fixed alkali. This lalt is one of thofe that a 
jcTublc in lpirit of wine. It may be decompofed merely 1 
the action of fire ; and from it, as from any other aceto 
fait, maybe obtained by diihllution, a radical vinegar, ve 
penetrating and very concentrated. 

Foliated earth of tartar is little ufed but in medicine, 
is conlidered as a powerful rcfolvcnt and aperitive; and 
probably poiuiu-s ihci'o qualitcs, merely as it retains for 
of the action of the acid and of the alkali, of which it 
com poled. Its dole is trem hi teen or twenty to thirty-i 
grains, or even more, when no irritation is apprehende 
'See the at ticks Alkali (Fixed); Salt; Salts (Nei 
tral); and V inec.au. 

TERRA JAPONIC A. See Japonic Earth. 

TEST, and TESTING. (n) 

TIN. T in is a metal, the color of which refembl 
that of filver, but is darker and lei's white. It is foft< 
lefs elaftic, and lefs fonorous than any other metal, excef 
ing lead. 

When it is bent backwards and forwards, it occafions 
crackling found, ?.> if it was torn a funder. 

Tin has, like other imperfect metals, a fmell and a taf 

It is much lefs ductile than fome harder metals - r althou< 
it may be beat into very thin leaves. 

The tenacity of the parts of tin is not very confiderabl 
fince a wire of this metal, the diameter of which is T c 
an inch, can fupport a weight of 49! pounds only. 

It is the lighted: or' all metals, as it lofes only fth part 
its weight when immerfed in water. It is very fulibi 
and requires for this purpofc a heat much lefs than is fu£ 
cient to make it red-hot. 

With the heat nccdlary for its fufion it may alfo be ca 
cined, or at leal! deprived of fo much of its phlogifh 
that it appears in form of a grey calx, which cann 
be reduced entirely to tin without the addition of fome ii 
flammable matter. 

Workmen call this imperfect calx of tin, aJJjes of (if 
and thofe who travel in the country, calling tin Ipoon 
call it drefs of tin. T his they carefully Ikim oft', pretem 

( n} T 1 3 t T it sting. A ted is a large kind of eg 

ufed in opeiatior.i for refining large quantities of gold and filv 
by means of lead ; and the operation is called Tejiing. I 

Cupel ; Cvpellation ; and Kefinixg. 

in 
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by to purify their tin. But they preferve this 
drofs,'and reduce it to tin by melting it with fome 

afhes of tin, like other calxes of metals, may .be 
eprived of phlogiftpn, by a calcination continued 
ore intenfe lire, by which means it becomes more 
: white, hard and refra&ory. It is then called 
1 is ufed in the arts for polilhing glafs and other 
es. 

F tin, very white and well calcined, is a very re- 
ubftance. Its beautiful whitenefs and refractory 
nder it capable of forming, together with fome 
id verifiable matters,. a white enamel, which is 
l white glazing or covering for delf-ware. - See 
ARE. 

oft ordinary method of preparing this putty, is by 
gether lead and tin, and expofing this mixture to a 
at. Thefe two metals have been found to be 
ly calcinable when mixed than when fingle. By 
• the calx thus obtained fome fand and vitrifiable 
by fufing the mixture, a very beautiful white 
lay be made : for lead .does not, like tir^ lofe its 
ality by calcination. 

expofed very pure tm, Jingly, to a fire as ftrong 
a glafs-houle, during two hours, under a muffle, 
covered teft$ and .having then examined it, I 
covered with an exceeding white calx, which 
to have formed a vegetation ; and under this 
reddilh calx, and a tranfparent hyacinthine glafs ^ 

, at the bottom, a piece of tin unaltered. This 
it was feveral times repeated wifh the -fame fuc- 

mixed v/ith tin may be inflamed, and it haftens 
>ly the calcination of this, as it does of other im- 
letals. The vapors which rife during the feveral 
ms of this metal have generally an alliaceous or 
fmell ; becaufe tin generally contains fome arfenic, 
argraaf has obferved. 

gh tin be one of the moft calcinable metals by 
fire, it is much lefs apt to ruft by the combined 
air and water, than iron and copper. Its fur- 
i it is clean and fliining, lofes indeed its luftre, 
(hes quickly by expofure to air, but the flight kind 
hich is there formed remains thin and fuperficial, 
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and does not advance fo dccpiv into the fubftance of th 
metal as the ruff of iron and of copper generally does. Henc 
tin is adv. :uagcouffy employ d to cover many utenfils mad 
ot thcle nicta:>. See 1 INNING. 

Ifveiy acid is capable of attacking or diiTolving tin. 

V itnolic ..c id requires to be a'diUed by a certain degree c 
heat to cliiToive tin cfficaciouflv. I have oblcrved, tha 
during: this Solution l'ulphureous vapors arc railed ; and 
have even llparaied foi.ie black particles, which I hav 
fount! to be true inflammable fulphur. - The production c 
extraction of this fulphur requires a particular examination 
See Sulphur. 

Nitrous acid attacks tin with very great violence, efpeciall 
when the metal ib much divided, hut when the acid is ver 
pure, it rath r corrodes and calcines than diiTolves tir 
As live phlogifton of this metal is not very ffricilv engager 
the nitrous acid chiefiy attacks it by means of this prin 
ciple, which it feizes, and feparates from the tin, that 
thus reduced to an unfoluble white earth, or calx, dc 
pofited at the bottom of the acid. This calx of ti 
made by nitrous acid appears to be as perfectly dephlc 
gifticatcd, as that which had been expofed during a Ion 
time to (ire. I have attempted unfuccefsfully to reduce 
to its metallic ftate. This calx makes a very good whii 
enamel. 

The acid of common fal t difiolvcs tin perfectly 'frell b 
he ! p of heat. I have obferved, that when I put a confide] 
able quantity of fine granulated tin into a matrafs, an 
poured fome fmoking, and conlcqucntly colored, fpirit < 
fait upon it, that the acid quickly ceafed to fmoke, an 
loll its color ; that it attacked the tin with a fenfible bi 
moderate efftrvefcence, and became faturated with i 
This acid diflolvcd more than half its weight of tin. Tl 
vapors which rofe during the folution had a difagreeab 
arfenical fmcll ; and the folution when faturated was cle; 
and colorlefs as water. Having kept the folution inabottl 
I obf.rved that, during the winter, it almoft all cryftallizct 
and that the cryffals became fluid during fummer. Son 
y.ars afterwards a white fediment was formed in this loll 
tion. 

Tin has a greater affinity with marine acid Fthan fon: 
othe metallic fubilanccs which have alfo much afnnii 
with this acid ; for it feparates the marine acid from lur 
corn a, from corrofivc fublimate, and from butter of ant 
n Oiiy. When tin is mixed, especially with corrofivc iut 
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decompofes this fait, even without heat; and 
ire produced becomes moift by expofure to air. 
iftilled before it has imbibed much moifture, a 
:ing fpirit of fait, called fmoking fpirit of Liba r 
>btained. Set Spirit (Smoking) of Liba- 

:id retains much tin diflolved, fome of which it 
g with it in diftillation, as it does'fcveral other 
latters. Accordingly, in this diftillation, a con- 
ine, metallic matter is fublimed, that may be 
!i er of tin : which name has been given by fome 
3 the fmoking fpirit. 

le detail we have given of the folutions of tin by 
d marine acids we may perceive, that the former 
ves it of all its inflammable principle, but has 
upon its dephlogifticated earth; and that the 
the marine acid upon this metal are quite the 
Accordingly, when thefe two acids are united 
forming an aqua-regia, they compofe a men- 
rhich adts very efficacioufly upon tin, on account 
rivity of the nitrous acid, but which does not 
: metal, as nitrous acid fingly does, becaufe the 
this acid is moderated by the marine acid : hence, 
nitrous acid is contained in aqua- regia, the 
lar are its efFe&s upon tin to thofe produced by 
rid alone; and reciprocally with regard to marine 

folution may be made of tin in aqua- regia, if 
be given to the following particulars. A fmall 
mly of tin ought to be put into the acid, and no 
d till the firft piece be entirely diflolved ; becaufe 
ch tin is added at once, the heat occafioncd by 
on encreafes the a&ivity of the folvent fo much, 
n is as much calcined and precipitated as if pure 
id had been employed ; but when the tin is added 
and the heat is thus reftrained, the aqua-regia 
• charged with this metal, that it (hall be thick 
, like a liquid tranfparent refin. The folution 
;ed has, a yellow-reddilh color, 
ly obferve, that in this folution there is a confi- 
lantity of tin upon which the nitrous acid of the 
i has not exhaufted all its a&ion, although this 
a feems to be more than faturated ; for 1 have 
that when this liquor is heated, an efFervefcence 
P 4 happens 
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happens entirely fimilar to that which is occaiioncd durins 
the folution of metals by acids. This effervcfcence laft: 
till the parts of the tin which were only half dilTolved have 
been reu iiu-’ veil a fficond time •, after which the folutioij 
is found to have loll its color, Sometimes this folutior 
becomes quite fixed cr folid when it cools, and appear: 
iil:e a firm icily, and tranfparcnt as cry dal. . 

All the (olutions of tin are acid and corrofive ; and rnaj 
be decompofed by being diluted with much water j in whicl: 
cafe, the tin is copioui’iy precipitated in form of a whit< 
calx. 

When a folution of tin is mixed with a faturated folutior 
of gold, and when the mixture is diluted with a large quan 
tity of water, a purple precipitate is formed, called puipl 
fowder of Cajfms. See that woid. This powder is em- 
ployed for punning on enamels and on porcelain. 

The ioiauon of tin in aqua-regia, added to the tinclurei 
of cochineal, of gum-lac, and of feme other red tinctures 
heightens the color of thefe, and changes it from a crimfor 
or purple to a vivid reddilh-yellow or fi re-colored fcarlet 
Dyers call chis folution of tin, with which they give ; 
icarlet tinge, the cewpofitioii. We may obferve, that thii 
color fueceeds only with wool and other animal matters 
At.v pts have beer, made, but without fiicccfs, to giv< 
ill;- color to thread, to cotton, or even to liii:, althougl 
t’u.o latter fubftance has many properties ei' anima 
mar.rs. 

1 have alfo cbfervcd, that the larger quantity of nitron; 
acid is contained in the aqua-regia, which difolves the tin, 
the nearer does the red color communicated to cochir.ea 
approach to the vivid yc!k.v > fo that the folution of tir 
inaae with murine acid alone, cr with vitriolic acid, dec; 
only give to red tinctures a erimfon ccior, as alum docs 
See Dyixg. 

Vegetable acids, as vinegar and cream of tartar, are aid 
capable of difiblving tin : but the properties of thefe folu- 
tions have not yet been' well examined. 

Tin, according to Mr. Geoffrey's Tabic of Affinities, 
has a ftronger affinity with the acid of common fait than 
xegulus of antimony, copper, filver, and mercury ; becauft 
thi; combinations of this acid with thefe metals are decom- 
pu.cd by tin, which precipitates them, and unites with the 
acid. 

. Sulphur may be united with tin bv fufion, and forms 
with it a brittle mafs, more difficultly fuftble than pure tin. 

Sulphur 
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has in this refped the fame effect upon tin as upon 
'he allay of fulphur ieffens the fufibility of thefe 
ble metals, while it encreafes the fufibility of other 
y fufible metals, as of iron and copper, 
nay be allayed with all metals by fufion, and in all 
>ns ; but it abfolutely deftroys their ductility. A 
)le circumftance is, that the moft du&ile metals, as 
1 fdver, are thofe the du&ility of which is moft 
iy tin. The vapor of t a Angle grain of tin is capable 
ring a confiderable quantity of gold brittle. The 
of copper is lefs injured oy tin than that of other 
although it is ccnAderably injured. A Angular 
ance concerning this allay is, that tin, although a 
: metal, and not at all lonorous, augments con-r 
r the ftiffnefs, the hardnefs, and the fonproufnefs 
:r, as we fee in bell-mttaL 

dlay, or amalgam of tin with mercury, is employed 
one of the lurfaces of looking-glaffes, by which 
i rendered capable of refle&ing the rays of light, 
forming mirrors. This covering of tin and mer- 
hich is applied upon glaffes, is called tinning . 
allayed with an equal quantity of lead, forms the 
fed by plumbers. 

rding to Mr. Gellert’s Table, the affinities of tin 
n, copper, Alver, and gold. Sr*, for the allays of 
words Aliay, Amalgam, and Bronze. 
is not much ufed in medicine, and for good reafons : 
And, from a long Differtation by Margraaf upon 
tal, that tin generally contains more or lefs of an 
1 matter, which probably proceeds from the ores of 
aft thefe contain arfenic. See Ores and Smelting 
s. Mr. Margraaf difeovered this arfenical part of 
efly in the humid way, and by folution in acids, 
litc calx of this metal is commonly employed in the 
tion of the antiheftic of Poteriusy and of the lilly of 
fus : but this calx is unfoluble and ineffectual : be- 
t appears to furnilh no part of the lilly. 
is very extenAvely ufeful in many arts, as we may 
rom what has been faid of the different preparations 
metal. 

JNING of COPPER, and of IRON. Tin- 
an operation by which a very thin layer of tin is 
to the furface of fome metals, and efpecially of 
and of iron. The methods of tinning thefe two 
arc different. Copper is tinned after it has been 

formed 
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formed into utenfils, and by the copper-fmiths who form 
thefe utenfils. The tinning of iron is performed upon thin 
plates of iron, in particular manufactories in France, in 
Germany, and in feme other places. Workmen, called 
tin-fmiths , do only form thefe plates, which are brought 
readymade from their proper manufactories, into the various 
Utenfils required. 

The feveral operations for tinning of copper and iron arc 
founded, hrlt, on the facility with which tin unites with 
thefe metals, which is fo great, that when either of thefe 
metals are tinned, the tin only requires to be melted, and 
the others on which it is to be applied do not. Neverthe- 
leis, the tin incorporates with thefe metals, difTolves in 
fome meafure their furface, and forms a kind of allay, at 
leaft when the tinning is well performed. 

Secondly, the foundation of all the parts of the opera- 
tion ufed to make the tinning fucceed is, that metals cannot 
perfectly unite with each other but when they are in a 
metallic flute ; and that they cannot unite with any earthy 
matter, not even with their own earth or calxes. 

Hence, the whole art of tinning confifts in applying 
melted tin, the furface of which fhall be very clean, me- 
tallic, and not covered with any allies or calx of tin, to 
the furface of iron or of copper, which muff alfo be very 
clean, and free from all rult or calx. 

To attain thefe purpofes, the following method is ufed. 
As the furface of copper is continually altered merely by 
the action of air, the workmen* before the tinning of any 
vefTel, ferape its furface with a Heel inftrument till it be 
clean and bright : then they place the vefTel upon kindled 
coals, and heat it to a certain degree : as foon as it is hot* 
they rub it with pitch ; and then apply the melted tin, 
which they fpread upon the furface of the copper by means 
of hards. Pure tin is ftldom ufed for this purpofe ; but 
generally two parts of tin are allayed with one part of 
lead. 

The pitch ufed in this operation is quite neccflary, be- 
caufe the degree of heat given to the copper is fufficient 
to calcine its furface in fome meafure ; and this alteration, 
however flight, would prevent the perfect: adhcfion of tile 
tin, unlefs, by means of the pitch, the phlogffton was 
re Pored to it at the very inftant of the application of 
the tin. This pitch prevents alfo the flight calcination 
which would happen on the furface of the tin, or revives 
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I particles of calx which are formed during the 

plates of iron are to be tinned, they muff be per- 
il cleanfed, which is done by fcouring them with 
1 Creeping them fome time in acid liquors : then 
to be wiped, and dried quickly and perfeftly. 
hey are to be plunged vertically into a veffel cor- 
nelted tin, the furface of which is covered with 
itch. Thefe fat fubftances covering the furface of 
upply it continually with phlogifton, prevents its 
>n, by which its adhefion to the iron would be im- 
id alfo render the furface of the iron, while it paffes 
them, fitter to receive the tin. By thus plunging 
iron into melted tin, they are covered over with 
I, or are tinned. 

moniac is alfo ufed fuccefsfully in the tinning of 
of copper, and always for the fame reafon. The 
\i$ fait perfectly cleans the furface of the metals to 
I, and alfo the oily matter contained in fal ammo- 
liflies the phlogifton that is neceffary in this opera- 
hus, by heating thefe metals to a certain degree, 
>ing them with fal ammoniac, the tin may be ap- 
nediately afterwards. 

dvantages received from tinning are very confider- 
s tin is a foft and fufible metal, veffels formed of 
would not have fufficient ftrength and hardnefs 
heir (h ape in common ufe, and would alfo be liable 
:lted with a fmall heat : but when it is applied to 
ce of hard and difficultly fufible metals as copper 
, many veffels may be fabricated, which have 
ntage of being preferved by means of the tin 
t, to which the copper and iron are very fubje£h 
>een, neverthelefs, juftly alledged, that copper 
*e not perfectly prevented from ruft or verdigrife 
ig ; and this fault is fo much more important, as 
>pper veffels, are generally ufed in the preparation 
als. Thefe veffels therefore, even when tinned, 
>t to be employed for this purpofe j efpecially as 
is fufpe&ed of being hurtful to health, fince Air. 
f difcovered that arfenic is contained in almoft all 
alfo becaufe lead, a moft hurtful metal, is uled 
ig. Neverthelefs, tinned copper veffels may be 
many other purpofes. Befides, the tinning jf 
nd iron veflels may be improved, by attending to 
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the fundamental principles of this art delivered in the prefe* 
article. ( o ) 

TINNING of LOOKING-GLASSES. Thi 
operation confifls in applying an amalgam of tin and mer 
cury upon one of the furfaces of looking-glafTes, by whic 
they are rendered much more capable of reflecting the ray 
of light, and confequently of reprefenting, in a clear an 
lively manner, the images of objects. 

This effect of the tinning of looking-glafles is founde 
on the fuperior opacity, and confequently on the fuperio 
refleCtivc power of metallic to all other fubltances. 

Glafies to be tinned are placed upon tables in a perfect! 
horizontal or level fituation. The furface, previoufly vve: 
cleaned, is to be covered with tin-leaves, which alio mui 
be very clean. Upon thefe is poured a fufficient quantit 
of mercury to cover the whole furface, and it is allowed t 
reft fome time, that it may amalgamate perfectly with th 
tin-leaves : then a fmall degree of inclination is given t 
the glafs, that the fuperfluous mercury may run off ; whic 
inclination mult be gradually cncreafed till the glafs be 2 
Jaft brought to a vertical fituation, by which means no raor 
mercury remains than is really amalgamated with the tin 
As the furfacc of the glafs is exceedingly fmooth and wel 
polifhed, the amalgam is in very perfeCi contact with it 
■and therefore firmly adheres to it. 

The fuccefs of this operation depends much on the clean 
nefs of the furface of the glafs ; for the leaft dirt or dul 
interpofed betwixt the amalgam and the furface of the glafs 
would abfol u tel y prevent the adhcfion of contact betweej 
thefe two bodies. 

Since vitrified matters, as glafies are, cannot unite in 
iimatcly with metallic fubftanccs, the adhcfion of the amal 
gam upon the glafies is not fo ftrong as that of metals upoi 
metals ; as in the tinning of copper and of iron, in whicl 
there is a folution, a penetration, and an intimate unioi 
of the tin with the furface of the tinned metal : but in tto 

(n ) M. Malouin has propofed, in his Memoirs on Zinc, (Mem. 
be PAcad. der. Sciences, 1742) to fubftitute that fcmi-mctal ir 
place of lead and tin, for the tinning of iron and copper veflels : 
The greater hard nefs of the zinc, it is thought, would render it lef 
liable to be worn, and the dangerous efFcdls of lead and tin woulc 
be avoided. But whether it n ight not be attended with othei 
inconveniences, mud be fu bruit led to further experience. Difc 
$‘d. thm, Ac 2d, Bcdinl. 

tinning 
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>f Iooking-glafles, there is only the adhdion of 
or a perfect juxtapofition, which may take place 
any bodies, however heterogeneous, by the appli* 
their poliihed furfaces, Accordingly, this me* 
wing may very eaiily be taken off, and ought to 
red from moifture, and from any kind of rubbing, 
flight. For which reafon, the fuperfluous mercury 
made to run off veiy gently and flowly, otherwife 
nalgam might fall off by its weighs. 

[?|AX. (p) 

CTURE. By this name are diftinguiihed, in 
r and pharmacy, all fpirituous liquors that are 
y being digefted upon different fubftances. Thefe 
erly fpeaking, infufions in ardent fpirits. 
chemical preparations are called iht&ures. We 
t of fome of the chief of thefe. 

CTURE (ALKALINE). Sr* Tincture of 
Tartar. 

CTURE V ANTIMONY. This tin<W 
according to the Paris Difpenfatory, in the follow- 
ler : Let a mixture of one part of crude antimony, 
i parts of the alkaline fait of tartar, be fufed in a 
crucible, and the fufion continued during rt 
rhe melted matter is to be poured out; and as 
t has become folid, it is to be pulverifed ; while yet 
; to be put into a matrafs 5 and upon this powder 
fpririt of wine is to be poured, to a height above 
ier equal to the breadth of three fingers. This 
is to be digefted with a gentle heat during feveral 
j which it acquires a deep red color; and then 
e decanted and preferved in a well-clofed bottle, 
s fufion of crude antimony with fixed alkali, a 
fulphur is formed, which diffolves the reguline 
antimony. It is confequently an antimoniated 
fulphur, nearly of the fame nature as that of which 
ineral is made : but in the prefent operation this 
5 not diffolved in water, but is digefted in fpitit 

[tf cal. Borax, in the crude ftate in which it is brought 
a, and before it is refined, is called tincal. It contifts 
cryftals, of a yellowifb color, and it has a greafy or 
touch. According to Mr. Cadet/ it contains a larger 
jf the peculiar vitrefcible earth of borax, than the re- 
commonly fold does. See Borax, and Salt (Ssda- 
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•f wine ; which menftruum feems to difiolve a part of tb 
whole matter, that is, a part of the liver of fulphur, an< 
by means of it alfo fome of the regulus of antimony ; fo 
this tin&ure acquires a red color, and produces naufea 
according to Lemery, when taken internally. According 
to the lame author, the dofe of this tin&ure is from fou 
drops to twenty, and is to be adminiftered in fome prope 
liquor. 

The medicinal effe&s of this preparation may be ver 
good, and analogous to thofe of kermes ; but it is not mud 
ufed. See Kermes (Mineral). 

This folubility of antimoniated liver of fulphur in fpiri 
of wine is remarkable : but an explanation of all the ap 
pearanccs that occur in this and in feveral other operations 
would require more particular refearches than have yet beei 
made. 

TINCTURE 0/MARS. Iron, being a metal mucl 
employed in medicine, has been prepared in various man 
ncrs for internal ufe. Among ft the principal of thefe ar 
the following tin&ures. 

TINCTURE of MARS (LUDO VICUS’*) 
This tin&ure is made, according to the Paris Difpenfatory 
in the following manner : Four ounces of martial vitrio 
calcined to whitenefs are to be mixed with an equal quan 
tity of cream of tartar, and this mixture is to be boile< 
in a pound and a half of water, till the whole has ac 
quired the confiftence of honey. This mafs is to be pu 
into a rmtrafs, into which fome rectified fpirit of wine i 
to be poured to a height equal to the breadth of fouj 
fingers. After a digeftion during fome time in a fand-bath 
the tincture is to be decanted, and a frefli fpirit of wine i < 
to be poured on the refid uum, and digefted as before 
Thefe operations are to be continued as long as the fpirii 
of wine acquires color : and, laftlv, all thefe tin&ures an 
to be mixc together and prefervea for ufe. 

The theory of this procefs is not well known; becaufc 
all the circumftances have not been examined with fuffi- 
cient attention. We fee, indeed, that the cream of tartai 
ought to a& upon the portion of the iron of the martial 
vitriol, v hich does not adhere very ftrongly to the vitrio- 
lie which is even quite difengaged from that acid 

by calcination; and that this combination of iron with cream 
©f tartar inzv be foluble in fpirit of wine, to which it maj 
t o mn e coior, and confequently may form the pre- 

t * : j :e: but does not the cream of tartar a& alfc 
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bron which is united with the vitriolic acid ; and 
> not act, does the martial yitriol difTolve in fpirit 

>es not difiolve in this fpirit, when it is Tingle and 
inary ftate, and charged with much iron, may it 
ne Soluble either when it has depofited a part of 
or by means of the acid of tartar? Thefe are 
which, I believe, have not been yet examined ; 
h muft be ascertained , before we can know pre- 
nature of this tin&ure of Mars. For its medi- 
ues, fee the article Irok. 

:TURE*/MARS*/MYNSICHT. This 
is made by digefting the martial flowers of fal 
: with a (ufficient quantity of rectified fpirit of 
matrafs. 

)f wine diflolves the fait formed by the union of 
1 the acid of fal ammoniac ; but as this fpirit can 
Ive the fal ammoniac itfelf, it may be charged 
rtain quantity of the latter fait in this operation : 
i very poflible, that by means of this fal ammo- 
liflolves a greater quantity of the martial fait than 
othcrwife do; and reciprocally, that the martial 
it in a condition of diflolving a greater quantity 
nmoniac ; which effe&s are fimilar to thofe pro-, 
treating in the fame manner corrofive fublimate 
mmoniac in fpirit of wine - : but I do not believe 
refearches have been made to elucidate this fub- 
lemifts, who have given receipts for moft of the 
1 preparations of this kind of which we now treat, 
quently capricious mixtures, the. effe&s of which 
not know. Thefe preparations have been con- 
by ufe, although little trouble has been taken to 
their nature : but now that chemiftry, taken in 
nd genuine fpirit, has become a Science as accurate 
ous in fome meafure as geometry, all thefe ancient 
ought to be Scrupulously examined. We fhould 
tainly rej£& many of thefe for their unfitncfs to 
the eflFe&s expected, and we (hould know better 
es of thofe which Should be judged worthy to be 
in ufe. Probably the tinfture of Mars of Myn- 
[efles the medicinal qualities of iron diflblved by 
cid, and of fal ammoniac. * 

CTURE of MARS (ALKALINE) of 
L. This preparation, the knowledge of which 
» communicated to us, is a Solution of iron in fixed 

alkali. 
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alkali. Although this faline fubftance be Capable of a&i 
dire&ly upon iron, afid of diflblving it in fome meafu 
this combination fucceeds much better when the iron 
be united with the alkali is previoufly divided by being d 
folved in an acid* and efpecially in nitrous acid, as Sts 
has fliewn. 

According to the protefs of this celebrated chemift, t 
iron ought to be previoufly diflblved in nitrous acid, a 
the folution ought to be as perfe&ly faturated as poffib 
This faturated folution is to be added at feveral differe 
times to a ftrong folution’ of vegetable fixed alkali. Ea 
time that the folution of iron is poured into the alkali 
liquor, a kind of precipitate or coagulum of a deep i 
laffron color is inftantly formed : but this precipitate d 
appears foon after, and difTolves entirely in the alkali 
liquor, to which it communicates a deep-red yellowilh cok 
More of the folution of iron is to be poured into the alk 
line liquor, till the precipitate is no longer rediflolve 
Laftly, this folution, which is the martial alkaline tin 
ture of jStahl, is to be filtrated. 

We may eafily conceive what pafles in this proCefs. T 
alkali, into which the combination of iron with nitro 
acid is poured, decompofes at firft this combination, 1 
uniting with the acid, and precipitating the iron. But 
there is much more alkali than is required to faturatc t 
quantity of acid added, the uncombined portion of alka 
finding the iron in a very divided ftate, attacks and dj 
folves it perfe&ly. 

Iron is not the only metal that may be thus diffolved 1 
an alkali. Almoft every metal is more or lefs foluble 1 
alkalis, as Mr. Margraaf has fhewn. See his Opufcuh 
Chemiques Diffi III. This celebrated chemift found that n 
very pure alkalis, but alkalis phlogifticated by calcinati* 
with ox’s blood and volatile alkali, were fit for this purpo! 

This folution of iron in fixed alkali does not always fu 
ceed, and even fometimes fails, when all the circumftanc 
dire&ed by Stahl have been obferved. I have remarkc 
and alfo Mr. Beaum£, that it fucceeds much more co 
ftantly, and almoft certainly, when a folution of iron n 
nearly faturated and very acid is employed ; and when t 
folution has not the reddifh-vellow color of ruft that fat 
rated folutions have, but is clear and limpid, or only High 
ly greenifti. We were induced to believe, that a Inn 
lar excefs of acid was favourable for rediffolving other m 
tallic precipitates from their acid menftruum by means 
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d even that with this exccfs, the operation can- 
d. But Mr. Marges, an intelligent chemift, has 
' a folution of iron much impregnated, and high 
he iron of which might be perfectly difTolved by 
li, without heat ; and which conftantly formed 
1 alkaline tin&ure, either by pouring the folution 
ali, or the alkali to the folution ; which proves 
phenomenon depends on the concurrence of feve- 
tftances ; as on the ftate of the iron in the ni- 
i, which is known to be very variable; on the 
' lefs phlogi ft i cation of the alkali; and perhaps 
:veral other circumftances, which ought to oe 
examined, before we can form a judgment, 
irtial alkaline tincture certainly contains an iron 
t divided, in a faline and perfectly diflolved ftate, 
is not united to any acid ; and as it alfo poflefles 
*>us alkaline character, it may be very ufeful in 
where martial and anti-acid remedies are at the 
indicated; and thefe cafes are very frequent, as 
thyficians well know. 

fine faffron of Mars may be feparated from this 
either by precipitating the iron by gradually fatu- 
' alkali with any acid, or by a fpontaneous depo- 
ferruginous fediment, which is (lowly formed in 
ic fame manner as in the acid folutions of iron, 
only obferve, that the iron which has been thus 
by an alkali is very foluble in acids ; fo that 
to be precipitated by an acid, we muft take care 
1 a drop more than is neccflary for the perfect fa- 
f the alkali, otherwife all the precipitate inftant- 
rars, and the liquor becomes clear and almoft 
See Alkali and Iron. 

:TURE of MARS (T ART ARISED). 
aration, like the preceding, is called a tinflure, 
it contains nothing fpirituous, but merely from 
:olor. it is a folution of iron by the acid of 
ad is a true martial foluhle tartar , as we (hall 

ombination is made, according to the Paris dif- 
in the following manner. Six ounces of clean 
iron and a pound of powdered white tartar are 
cd together in an iron veiled ; the mixture is to 
led with a fufficient quantity of water to form it 
ifs, which muft be left undifturbed during 24 
it the acid of tartar may begin to act upon the 
[I. iron. 
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iron. Then fix Paris pints [12 pounds] of pure wat< 
are poured on the mixture, and boiled together during tv) 
hours. From time to time the mixture muft be ftirre 
during the boiling, and not water is added to fupply tl 
place of that which is evaporated. The liquor is then 
be left to fettle, and to be nitrated and evaporated to tl 
confidence of a liquid fymp. Laftly, an ounce of fpir 
nf wine is to be added to it, to prevent the folution fro 
becoming mouldy. 

In this operation, the acid of tartar diflolves the iro 
becomes faturated, and forms with it a neutral fait, whii 
is not only very foluble in water, but which is even ve 
dcliquefccnt : hence this fait cannot be cryftallized, but 
obtained in the ftate of a liquor, or of an extract, fonr 
times dry and fomtimes foft, according as it has be 
more or lefs evaporated. The color of this fait is red, 
brown, and its tafie is the fame as that of all falts 1 
bafes of which are iron, though fomewhat lefs auftere a 
tryptic. 

The union of the acid of tartar with iron is very w< 
and fupcriicial in this combination ; and hence this fal 
very deliquefeent. This deliquescence is furprizing, c< 
ftdering that, as we have remarked clfewhcre, the two fi 
dances which compofe it have little or no folubility 
water. From this difficult folubility in water of the cc 
ponent parts of this tartariftd tincture we may concle 
that in whatever proportions thefe parts arc mixed togetl 
this tindture mu it always be a neutral fait, perfectly 
nearly faturated : for if any portion of tartar be not c( 
bined with iron, it will remain at the bottom of the vefl 
or upon the fiber; and the fame observation may be ap 
trd to the iron that is not combined with the tartar. ] 
verthekF, as pure tartar is foluble in water, and as c 
fcquently a final 1 portion of it may remain unfaturate< 
the liquor, it would be proper, if this martial fob 
tartar he required perfectly neutral, to add more filing 
iron than are fufheient to faturate all the acid $ bee 
tiie fuperabundant quantity could not remain in the 1 
tion, and b caufe by this method of employing a 1 
quantity of filings, the operation may be much fhorter 
whereas it woulc be vc v long, if more filings were 
ployed, than is required for the faturation of the ta: 
and if at the fame all the tartar was required V 
fat a rated. 
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artarifcd tin&ure of Mars has the fame medicinal 
as the other faline and foluble preparations of iron ; 
, as we have faid, the leaft ftyptic. Accordingly, 
where martial preparations are indicated, and at the 
ie the ftyptic quality of iron is apprehended, this 
the beft preparations of iron that can be prefer i bed. 
not effentially differ from the infufion of martial 
'ee Iron, WTartar. 

CTUREYMETALS, or LILLY of PA- 
LS U S. This preparation may be made by feveral 
; but as they do not much differ, we (hall here 
eafieft and readied. 

>arts of martial regulus of antimony, one part of 
and one part of .pure copper, a re, melted together 
ible. The allay thus compounded is to be pow- 
hen cold, and mixed with thrice its weight of 
nitre. The mixture is to be thrown at different 
to a red-hot crucible, where it detonates, and is 
o a violent fire, till the metals be perfectly reduced 
. The matter is to be taken from the crucible 
1-hot, and immediately thrown into a heated iron 
where it is quickly powdered. The powder is to 
while yet hot, into a matrafs, and upon it fome 
fpirit of wine is to be poured to a height equal to 
dth of four fingers. The digeftion is continued 
>me days, or till the fpirit of wine has acquired a 
) yellow ifti-red color. The fpirit is to be decanted 
in a bottle ; and is called the Tintturc of MttaU % 
f Paracelfus, 

this name Tinflure of Metals^ we find that the fpirit 
was fuppofed to extract fomething from the metals 
fi it was digefted in this procefs ; perhaps its 
e rife to this opinion. Ncverthclefs, as Mr. Baron 
rrves in his Notes on Lemery, if we confider that 
llic matters are reduced almoft to the ftate of pure 
f calcination, we (hall be convinced that no part 
can be diffolved by the fpirit of wine. Bcfides, 
jme, having particularly examined this prepara- 
is convinced by experiments that no metallic 
in be feparated from it. But although it Con- 
metallic matter, we do not fay that it is in- 
or that it has no other qualities but thofe of 
fpirit of wine. On the contrary, we know that 
is alkalifed in this operation ; and that this alkali, 
capable <?f being rendered as cauftic by metallic 
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calxes, as it is by quicklime, acquires a power of adrns 
iingularly and effectually on fpirit of wine, which it part- 
ly decompofes. This alkali either forms with the fpirit oi 
wine, or it feparates from this fpirit, an oil, with which it 
combines, and to which it gives color, and a very acic 
taftc. Hence the tindure of metals refembles much th< 
tincture of fait of tartar , of which we finall afterwards treat 
and like which it has a fpirituous, faponaceous, acrid, am 
alkaline character. Accordingly, it is fuccefsfully ufe< 
when the fibres and vtffels require to be excited and ani 
mated ; as in apoplexies, palfies, dropfies. For the farrr 
reafon, it is capable of accelerating the motion of the blood 
and of encreaiing certain fecrctions and excretions, parti 
cularly fweat and urine. The dofe of this tincture is fron 
fix or twelve drops to forty or even more, and it muft b 
admin iftcrcd in fome proper cordial. 

T I N C T UREo/ GOLD. See Gold ( Potable). 
TINCTURE of SALT of TARTAR. Thi 
tindure is made by pouring fomc redified fpirit of wine t 
a height equal to the breadth of three or four fingers, into 
heated matrafs that contains fome hot fait of tartar, whic 
had been previoufly ful'ed in a crucible and powdered. Th 
matrafs is to be doled, and the digeftion is to be continue 
during fcveral days with a gentle heat, or till the fpirit c 
wine has acquired a fine rcddifh-yellow color. 

This preparation is cfiintially the fame as the tindui 
of met: h, as in both thefe, the fixed alkali ads upon an 
colors the fpirit of wine ; with this difference only, that t 
the alkali of tartar, in its ordinary fiate, is much le: 
cauftic than when it has been calcined with metallic ealxe: 
it therefore ads Ids quickly and powerfully in the tindui 
of fait of tartar than in the tindure of metals. Accorc 
ingly the former preparation is more deeply colored tha 
the latter. But if in the preparation of the tindure c 
fait of tartar, an alkali previoufly rendered cauftic b 
quicklime be employed, the tincture will be as red an 
adive as the tincture of metals ; and hence the medicin; 
qualities of thefe two tindurcs arc the fame. 

TINCTURES of VEGETABLE and AN! 
MAL SUBS T ANCES. Many medicinal prepare 
tions are called tindurcs, becaufe they are made by d 
getting certain vegetable and animal lubftances in fpirit c 
wine, to which they communicate different colors, ac 
•vrding to their nature. 
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of thefe tin&ures are made with one vegetable, or 
’ubftance only. Thefe are caJled ftmple thiol ures^ 
j are diftinguifhed by the name of the vegetable or 
natter employed ; fuch are the tinctures of myrrh, 
of faffron, of caftor, and many others, 
s contain a greater or lefs number of different 
e and animal fubftances, which arc digefted in 

* wine, according to the feveral receipts. Thefe 
: general name of compound tinftures , and are aifo 
Ined by the names of their particular authors and 

• 

lall not here ehter into a detail of thefe feveral tinc- 
ecaufe they are rather objc&s of pharmacy than of 
y ; but (hall confine ourfelves to the following gene-* 
vations. 

as vegetables and animals are compofed of feveral 
:s which are not all foluble, or not equally foluble 
of wine, we cannot confider fpirituous tin&ures as 
e extracts of the vegetable and animal fubftanecs em*- 
n their preparation, 

dly, the principles of thefe fubftances upon which 
wine can a&, are volatile effential oils, and others 
ime nature ; refins, properly fo called ; any oils that 
faponaceous ftate, and foluble i/v water by means 
: faline matter ; acids; and laftly, feveral kinds of 
falts. And the principles which fpirit of w»ne 
Jiffolve dire&ly, arc fweet oils and oily concretions 
not volatile nor faline ; fubftances purely gelatinous 
mmy ; earthy matters not faline nor foluble in 
and laftly, many neutral falts, which arc in foluble 
of wine, the various kinds of which have not yet 
:crmined. 

ily, many of the vegetable and animal principles 
; effentially unfoluble in fpirit of wine, particularly 
jellies, and neutral falts, are foluble in water, 
thly, from the laft obfefvation we may perceive, that 
s drawn fforn the fame vegetable or animal fubftance 
ffer confiderably, according to the ftate of dryncl's 
: fubftanecs, apd the dephlegmatiop of the fpirit of 
nployed. For tin&ure made from moift plants, 
h a weak fpirit of wine, muft contain feme gummy 
ne principles, which could not be cqntaiped irpa 
: made with the plants perfe&ly dried, and a fpirit 
perfectly re&ified. 
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Fifthly* as many chemical experiments (hew that ft 
fiances naturally unfoluble in any curtain menftruum, n 
be rendered foluble in that menirruum by feme other int 
mediate fubftance ; and as, amoitgft the vegetable 2 
animal principles, fome fuch intermediate fubftances n 
txift; vve cannot therefore affirm that fpirituous tin&u 
contain no other of thefe principles but fuch as are i 
rurally foluble in fpirit of wine j but we rather think t 
they probably do contain other principles. This fubj 
has not been examined fuificiently to enable us to fp< 
upon it in a lefs vague and general manner than wc n 
do. See Analysis by Menstruum , and Spirit (/ 
dent). 

T I N -G L A S S. This name is frequently given to 
fern i- metal bifmuth. See Bismuth. 

TOBACCO, (r) 

TOPAZ, (s) 

TO RR E F A C TION. This name is given to a k 
of calcination by which ores are deprived of the vola 
mineralifing fubttances, the fulphur and arfenic wh 
the) contain. It is alfo applied to ugnify the roafting of Jo 
pharmaceutical preparations* Thus, for mitancc, we 
torrefied rhubarb, &C. 

TRAGACANTH (GUM). See Gum. 

(r) Tob acco. The leaves of this plant being diftilkd i 
retort, without addition, yield an acrid, empyreumatic, poifi 

Tobacco virulence by long coclion in wat 

From an ounce of American tobacco, water extracted four dra 
and thirty prains ; and from an ounce of t! c fame tobacco, fp: 
•f win extrafted one dram and thirty grains. The fpiritw 
ext raft was ttronger than the aquous The former had a i 
giccn color ; the latter wa* yeilowiffi hr. wn. The diftil 
water and (pint of tobacco have no talkie or fmell. Neuman. 

( s) Total is a precious Hone, of a golden color, theloiirth 

hart! toads. Mr. Pott has made fome curious exj 

He found that this ftone could i 
l>c fufed with even eight times its weight of fixed alkali, but tl 
it was vitrifiaUe by aaditio of half it* weigh: of borax, or thr 
its weight of chalk. 1: was alfo ufed by calxcsof lead or of cc 
per. and fuiible fpar, hi.t not by ritre. 

Thu Ifone may be imitated by fating a mixture of two oua* 

of powdery 4 rock v Hal w jth icvcn ounces of red lead. 
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POLL (t) 

TORIUM. (u) 

TURATION is an operation which confifts ip 
rhanical divifion of bodies, and is executed by the 
ethods, and by the fame inftruments, that are 
:d for other divifions of this kind ; that is to fay, 
irs, upon porphyries, and in mills. See Division. 
>rd is generally applied to denote the divifion that 
of feveral bodies together, tfb unite thtm with each 
is, for inftance, the extin&ion of mercury in the 
n of Ethiops mineral, and others fimilar. 
tBJTH MINERAL. This name is given to a 
don of mercury made in the following manner, 
mercury is put into a glafs-retort, and upon it is 
an equal weight of concentrated vitriolic acid, or 
ccording to the degree of concentration of this acid, 
natters are to be diftilled together ip a fand-bath till 
remains in the retort byt a dry feline fubftance^ 


a I pol t is an earth confiftingof very fine particles. It 
lor polishing hard bodies. Tripoli is not fulible in the 
i «olors ( .l varLus ; grey, yellow, white. It becomes 
rd ar.d compact in the fire, as day does; and from this 
probably it has been confidered as an argillaceous earth j 
t does not appear to have been furhciently examined. It 
imagined to be a powder formed by the cLccvn; ofition 
iering of jafper. Slcuman fays, that by ddluling two 
fit, he obtained two fcruples of a weak marine aeid, and 
portion of fal ammoniac ; th^t by diililling a mixture of 
:h and nitre he obtained aqua-regia; and chat of fixry 
f Tripoli, one grairi was foluble in concentrated vitriolic 
0 in diluted vitriolic acid, three in fpirit of fait, five in 
nitre, eleven in aqua regia, and feven grains in cauftic 
ali.. 

7ritorivm* A veflel generally made of glafs, ufed for 
atipn of liquors of different denfities, as oil arid water. 
(I diameter is the middle, and it terminates with an aper 7 
ach of the two extremities. The lower extremity, ihe 
of which is very narrow, is dipped into the mixed liquor, 
n it is fufneiemly filled, the upper orifice i$ to be topped 
prefling the thumb upon it, b , which means the liquor 
d will not run out at the lower aperture when the veflel is 
•om the mixed liquor. When the fluids, of which thi* 
infills, have perfedly feparated according to their refpec- 
fities, by removing the thumb the heavier fluid will run 
the lower extremity, and the reparation will be thu^ 

T.* 
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T U R B I T H 

which is a combination of mercury with vitriolic acid. Th 
union of thefe two matters cannot be directly effected bu 
by this procefs, becaule the vitriolic acid cannot attacl 
mercury uni els it be highly concentrated, and bccaufe thi 
concentration cannot be performed lo well in open &s ii 
clofe vcflels. See Concentration. Befides, the hea 
in this operation favours considerably the action of the aci< 
upon the nu-’ ir y. The acid which paffes into the receive 
during the dilti.i.ition, is very fuffocating and fulphureous 
which qualities it receives from the phlogiftonof the mer 
cury. 

T he white falinc mafs left at the bottom of the retoi 
is to be put into a large veflcl, and upon it large quantitic 
of hot-water are to be poured at feveral different timei 
This water weakens the acid, takes it from the mercun 
which is then precipitated towards the bottom of the vcfli 
in form of a very mining yellow citron-colored powdei 
This yellow mercurial powder, having been well wafbec 
is called turlatr. -mi rural , and is a very powerful emetic. 

The tartar with which it is wafhed contains the acid th: 
was united with the mercury ; but i,t alfo contains a litfl 
mercury, that remains in a faline ftate, and is folublc i 
water, by means of the very large quantity of acid. 

Moft chenhfls, especially Mr. Rouclle, have believe 
that a portion of vitriolic acid remains united with the tui 
bith mineral, bat too little to render it folublc in watei 
On the contrary, Mr. Bcaumc, having examined th 
matter, affirms that turbith mineral contains no acid, whe 
it has been fufficiently wafhed ; and by frequently boilin 
this preparation in a large quantity of diftilled water, nc 
a vettige of acid will adhere to it. * 

'Fur hi tii mineral may alfo be made, by precipitatin 
mercury from its folution in nitrous acid by means ( 
vitriolic acid, or of fome vitriolic fait. For this purpo 
the nitrous acid mull be well fa tu rated with mercury 
for if it contains anv unlatu rated acid, no turbith* mi 
neral v. ill appear upon adding either vitriolic falts c 
p u i c vitriolic acid. Hence mi flakes may be committc 
ni rr. ah in. g experiments to d if cover the pic fence of vitrioli 
r-c'J by means of a ibh: t ion of mercury, as is frequent! 
clone. 

* T?:c* latter experiments of M, Fayen prove, that turbith m 

nciai ueei cunta::: daioiic add. 
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light alfo to obferve, that turbith mineral becomes* 
>nly by being deprived of the adhering vitriolic 
i that it remains white till it has been warned with a 
lantity of water ; in general, the more perfe&ly it 
ed of acid, the deeper yellow color it acquires. 

Ith mineral Has been formerly celebrated for the 
he venereal difeafe; but it is now little ufed, becaufe 
le mercurial remedies have been difcovered. $ce 
Vitriolic), and Mercury. 

IPENTINE. (x) 
rENAG. (y) 

urpbktinb is a refinous juice cxtrafted from feveral 
>ix:een ounces of Venice turpentine being didilled with 
ielded four ounces and three drams fit eflential oil ; and 
quantity didilled without water, yielded with the heat 
er-bath, two ounces only. When turpentine is didilled 
l with water till it becomes folid, it appears yellowifh ; 

: procefs is further continued, it acquires a reddifh- brown 
[n the firft date it is called toiled turpentine, and in the 
rolophony or common rofin. On diftilling fixteen ounces 
rt with an open fire encreafed by degrees, we obtain, firft, 
ces of a limpid colorlefs oil ; then two ounces and two 
: a thicker yellow oil ; and ladly, two ounces and a dram 
k-brownifli red empyreumatic oil, of the confidence of a 
and commonly didjnguilhed by that name. 

Jential oil commonly called fpirit of turpentine* cannot 
fiugular difficulty to difiolved in fpirit of wine, though 
ne itfelf is eafily foluble in that fpirit. Ooe part of tne 
to difiolved in feven parts of re&ified fpirit of wine ; but 
ing a while, the greated part of the oil feparates and falls 
)ttom. Neumann 

Wi sag. This name is given in India to the femi*metal 
; is alfo fometimes applied to denote a white metallic com- 
rought from China, called alfo Cbine/e copper , the art of 
which is not known in Europe. It is the bed imitation of 
lich has been made. It is very tough, drong, malleable, 
eafily cad, hammered and polifhed ; and the better kinds 
rhen well manufa&ured, are very white, and not more 
to tar nidi than filver is. Three ingredients of this com- 
lay to difcovered by analyfis, namely, copper, zinc and 


VALERIAN. 


Digitized by t^ocme 


VERDI GRIS E 


V ALERIAN, (a) 

VENUS is the name of a planet, which chemi 
have alfo applied to fignify copper. 

V E R D I G R i S E. Verdigrifc is copper corroded' a 
reduced to 
This matter, which 


a very beautiful gre' ii ruft, by a vr< ms ac 


jfetul 


pampers, is 


ipanufachired at Mon.; -Ter ; the wines of I 


.n^uevioc. 


which that city is the capital, being very proper for this p; 
paration. 

The following proccfs for making verdigrifc isdefciit 
by Mr. Monet of the Ruya- Society of Vio»..pdlk 4 r, and 
publillicd among the Memoirs of the Academy for the ye 

1750 and 1753. 

Vine-ftalks well dried in the fun are flecped during q\ c c 
days in ftrong wine, and afterwards drained. They 
then put into earthen pots, and upon them wine is pour 
The pots are carefully covered. The wine undergoes 1 
-acetous fermentation, which in fummcr is fnifhcd in feven 
tight days, but requires a longer time in Winter, althou 
this operation is always performed in cellars. When 1 
fermentation is fufticicntly advanced, v/hich may be k.110 1 
i>v obferving the inner fur face of the lids of the pc 
which during the progrefs of the fermentation is ct 
tinuallv wetted by the moifturc of the riling vapors, 1 
jtalks are then to be taken out of the pots. Thefe fta 
are by this method impregnated with the acid of the wi 
and the remaining liquor is hut a very weak vinegar. 1 
ftalks are to be drained during fomc time in bafkets, 2 
layers of them are to be put into earthen pots with pla 
of Swedifh copper, fo difpofed that each plate (hall reft up< 
and be covered with layers of ftalks. The pots are to 
covered with lids, and the copper is thus expofed to 
action of the vinegar, during three or four days or me 
in which time the plates become covered with verdigr 
The plates are then to be taken out of the pots, and ! 
in the cellar three or four days , at the end of which ti 


(a) Valerian. An ounce of the dry root of valerian yieli 
%vith re&ifird fpirii of wine three drams and fix grains of refin 
extract, and the fame quantity with water yielded four drams ; 
twenty-one grains. The didiiled fpirit is ilightly, and 
diddled water is ftrong! y, impregnated with the imell of thev: 
rian, but no fcparablc oil is obtained. The mod adtivc prep; 
tion is the fpirituous extract, which contains ail the ijfcful ma 
♦f the root. X&Mur * 
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to be moiftened with water, or with the weak 
bove-mentioned, and left to dry. When this 
g and drying of the plates has been thrice re- 
ic verdigrife will be found to have confiderably 
in quantity, and it may then be fcraped off for 

ion or eroiion of copper, and confequently a ver- 
nay be prepared by employing ordinary vinegar 
wine, as is directed in the above procefs. But it 
t have the unduofity of ordinary verdigrife, which 
. ncceffary in painting. Good verdigrife muft 
ed by means of a vinous acid, or folvcot, half 
1 half fpirituous. Accordingly, the fuccefs of 
:ion depends chiefly on the degree of fermentation 
the wine employed has been carried : for this 
ion muft not have been fo far advanced that 
ly vinous or fpirituous part remained in the 

rife is ufed for painting, as it furnifties a fine green 
len mixed with oil. It enters alfo as an ingre- 
) fcveral plaifters and ointments. In Chemiftry, 
is ufed for the efctra&ion of radical vinegar; 
he preparation of crjjials of verdigrife , or of Venus. % 
>ta xs of Venus, Copper, ^.Vinegar. 
DITER. (b) 

ELS (CHEMICAL) and UTENSILS, 
(hewn at the article Laboratory, how a che- 
>oratory ought to be difpofed, and the principal 

rditer is a blue pigment obtained by adding chalk 
nr to the folution of copper in aqua-fortis. It is pre- 
eliners of Alver, who employ for this pnrpofc the fola- 
pper, which they obtain, in the procefs of parting, by 
ue filver from aqua-fortis with plates of copper. See 
. it is faid that a fine colored verditer cannot be obtain- 
folution of copper prepared by diflolving dire&ly that 
qua-fortis ; and that the filver is nccdTary. We kno\v 
ftually made by the refiners only. Dr Merret fays that 
redin the following manner: A quantity of whitenirig 
> a tub, and upon this the folution of the copper is 
Vhis mixture is to be ftirred every day for fome hours 
ill the liquor lofes its color. The liquor is. then to be 
, and more folution of copper is to be added. This is 
ated till the wnitening has acquired the proper color, 
to be fpread on large pieces of chalk, and dried in 

Utcnfils 


Digitized by 


Googl 


VESSELS 

titenfils with which it ought to be furnifhed. At the arti 
Furnaces, we have mentioned whatever is efl'ential to 
known concerning thofe inftruments. Laftly, we h 
defcribed under each particular name, the principal veil 
employed in chemical operations. Nothing therefore 
mains but to make here a kind of enumeration, ufeful 
thofe who would furnifh a laboratory ; which enumerat 
may be confidered as a compleat fupplemcnt to that wh 
is ^iven at the article Laboratory. 

1'he ancient chemifts, and efpecially the alchemi 
have invented veflels of many various kinds and whimfi 
fhapes, fuited to their feveral operations. But now 
number and variety of thofe veflels are much diminifh 
cither becaufe modern chemifts have not fo much | 
tience for fuch tedious and perplexed operations as 
alchcmifts had ; or becaufe they have found that tl 
operations can be performed with veflels of a Ampler foi 
and lefs various. Accordingly the veflels required ii 
laboratory are few and Ample, which is certainly an adv; 
tage. The chief of thefe veflels are. 

Copper Alembics, with their refrigeratories , worms, and 
ccivers. See all thefe words , and Plate I. 

Alembics of Glafs, of Stone, and Earthcn-JVare, of di: 
rent ftzes, with their receivers , which are matrafles \> 
longer or (hortcr necks. See Plate I. 

Adopters , which arc fmall receivers with two necks, 
ufe of which is to encrcafe the diftance of the receiver fi 
the diftilling veflel and the furnace. 

Aludels of Earthen-iyare . See Plate I. 

A Balance . See this word. 

Balloons, which are matrafles with large bellies 
fhort necks. They are ufe^ as receivers. See B 
LOONS. 

Bottles of all kinds and fizes. A great number of thel 
required in laboratories, to contain the different liqu 
and fubftances that are volatile, deliquefeent, or corrol 
The moft neccffary of thefe are large glafs bottles c 
taining three, four. Ax pints, or more, of any form, 
containing thofe matters that are ufed in large quanti 
Cryjlal- glafs Bottles with glafs floppies, to contain all v 
tile or corrofive liquors. The fmall bottles or Phials 
very convenient, and may be ufed as matrafles in m 
operations. See Matrass. 

Glafs Jars arc cylindrical vefl'cls ufeful for contaii 
many dry and not volatile futytanccs. Their mouths 
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clofed with cork or with paper. Large jarsrare 
t for the mixing of liquors, for precipitations, 
jreat number of thefe is required of different 

of metal. Thefe are ufeful for evaporations, 
generally of copper ; but as this metal is very 
e corroded by faline matters, a filver bafon is very 
t. 

>, or Dijbes of glafs, of flone-ware, and of cryftal- 
ich are the beft of any. Thefe are ufed in the 
ms of corrofive matter capable of a&ing upon 
Some alfo are made of crucible-earth, and of 
i, which are employed for containing the fand 
iths. 

one. This is a call-iron vefiel of the form of a 
»ne, to the point of which is fixed a pedeftal, that 
id firmly, with its point turned downwards. The 
s cone is to receive metallic matters melted with 
fiances, all which being poured into it, the me- 
;s of the mixture fink by their weigh: to the point 
irerted cone, and are there collected in form of a 
The cone ought to be heated, and greafed with 
efore the melted matters are poured into it. 

. See that word . 

es are kinds of earthen pots of a cylindrical, 
or triangular figure, ufed for fufions of all kinds, 
ght to be covered with lids. See Pottery. 

Funnels . Thefe ought to be of various lizes; 
ary for fmall filiations, and for the pouring of 
ito bottles. 

toulds are iron vefiels of a certain thicknefs, of the 
hollow femi-cylinders, to which a handle is an- 
The furface of their fcmi-cylindrical cavities 
be very fmooth. They are of various fixes. The 
tefe veiicls is to receive melted metals into their 
the form of which is given to the metals, which 
called ingots. We ought always to heat and to 
lefe moulds before the melted metal is poured into 
See Plate I. Fig. n. 
rs. See that word . 

\ffes are long- necked bottles. Some of thefe have 
nd fome fiat bottoms. Some are fhaped like an egg, 
ice are called philofophic eggs. MatrafTes are ulcd 
?ns and digejlions . 

Muffiei. 
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kfuffles, Thefe vefiels, which ought to be made c 
crucible earth, have the form' of a hollow cylinder divide 
in the direction of its axis, and doled on all iides, except 
ing its front This vefttl repreftnts an oblong arch o 
vault, the hinder part of which is elofed by a femi-circula 
plane, and the lower part or floor of which is a rccrangula 
plane. It is a little oven that is placed horizontally i 
effay and enamelling furnac s, fo that its open fide cor 
refponds with the door of the fire-place of the furnace 
Under this arched oven final 1 cupels or crucibles are placed 
and the fubftanccs contained are thus expofed to heat withoi 
con tad of fuel, fmoke, or allies. See Furnace (Essay) 
Plate I. Fig. 9, and Plate II. Fig, 1. 

Pelicans, See that word, and Plate I. Fig. 6. 

Receivers. See that word, and Plate I. and II. 

Circulatory VcJJ'els, Two matrafles are fo called, ini 
the lnrgcft of which the Inr.tter to he operated upon is t 
be introduced ; and the neck of the fmaller matrafs is t 
be fitted into the neck of the former, fo as to be a kind ( 
ftopplc to it. The joining is to be elofed with a lul 
fuitable to the vapors intended to circulate. By mear 
of this apparatus, one or more fubftanccs may be digeftc 
during n long time without any evaporation, becaufc ft 
vapors which arile are condcnfed in the fmall matrafs th: 
ferves as a ftopplc, and continually fall back upon th 
matter in the gr,at matrafs. It is, as we foe, a very fimp! 
apparatus, which produces the: fame effect as the pelican. 

Subliming Vej:> Is. This name was formerly given to 
long-ncckcd matrafs, which being covered with a capit2. 
formed a kind of alembic. It was employed in the diftil 
lation and rectification of very volatile fubftanccs; but fine 
we have found that the length of the neck of an alcmbi 
is quite ufelefs, theft have been quite abandoned. Accord 
ingly, the true fubliming vtPftls arc thofe that 3re adtuall 
employed in fublimations. &V Alembics, Aludels, Ma 
trass, and Sublimation*. 

V IN EG A R. Vinegar is a vegetable fpirituous acid 
produced by the fecond degree of fermentation, or by the 
fermentation which fucceeds the fpirituous, and is callc 
the acid or acetous fermentation. 

From this definition it appears, that wine only, or vinou 
liquors can be changed into true vinegar. Every 1 ique 
which has completely undergone the fpirituous fermenta 
tion, is fpontaneoufly and neccfiarilv difpofed to the ac: 
ter mentation. Accordingly every wine d^es continual! 

ten 
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:ome vinegar, and a&ually is changed into vino*- 
r or later, according to circumftances ; unlefr 
je be prevented by fome obftacle to fermentation* 
Vinegar may therefore be made not only fronv 
apes, but alfo from cyder, beer, and, in a word* 
her wines. But as the wine of grapes is preferable, 
rpofe, we (ball defcribe the method of converting; 
egar. 

gar is produced by a fermentation, its qualities 
ich on the method of exciting and of conducting 
ntation^ The wine which is generally converted 
;ar, and which for its cheapnefs is generally em- 
r this purpofe, is fuch as has already becomq 
hough the better and the more fpirituous the 
nd alfo the more of the vinous fpirit that can bet 
1 the vinegar, the better and ftronger this will bel- 
ays, in his Phyfica Subterranean that having di-» 
le in order to convert it into vinegar in a bottl* 
lly fealed, he found, that although a longer thai* 
iry time was required, the vinegar produced wa« 
nger then when free air is admitted. Mr. Car- 
Ifo affirms, that the ftrength of vinegar may b# 
reafed by adding fome aqua vitae to the wine be- 
rxpofed to the acetous fermentation, 
nt methods are pra&ifed by manufacturers for 
inegar, who are generally believed to be poffeffed 
fecret for that purpofe. Never thelefs no more 

uifite in the preparation of good vinegar, than to 
jod wine, and to conduit the fermentation in the 
intageous method j in the fame manner as good 
only be made from good muft, and by a well con- 
rmentation. The principal part of thefe opera- 
erformed by nature. 

lethod of making vinegar conlifts in mixing the 
>e fermented with its dregs, and its tartar, and in 
this liquor to a heat of about eighteen or twenty 
This fermentation feems to require more heat 
fpirituous. It alfo excites jmore heat and tumult; 
ugh it ought to be allowed to proceed brifkly, yet 
ffary from time to time to check it. 
lave deferibes, in his Elements of Chemiftry, the 
; procefs, which feems to be well contrived, for 
ng of vinegar. 

two large oaken vats or hogfheads, and in each of 
cc a wooden grate or hurdle, at the diihnce of a 
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foot from the bottom. Set the veflcl upright, and on 
grate place a moderately clofe layer of green twigs, or fr 
cuttings of the vine. Then fill up the veflel with the fa 
ftalks of grapes, commonly called the rape , to the top of 
veflel, which muft be left quite open. 

Having thus prepared the two veflel s, pour into them 
wine to be converted into vinegar, fo as fill one of th 
quite up, and the other but half full. Leave them thus 
twenty-four hours, and then fill up the half-filled ve 
with liquor from that which is quite full, and which \ 
now in its turn be left only half-full. Four-and-twe 
hours afterwards repeat the fame operation, and thus go 
•keeping the veffels alternately full and half-full dur 
every twenty-four hours till the vinegar be made. On 
fecond or third day there will arife, in the half-filled vel 
a fermentative motion, accompanied with a fenfible h< 
which will gradually increafe from day to day. On 
contrary, the fermenting motion is almoft imperceptibh 
the full veflel ; and as the two veflels are alternately 
and half-full, the fermentation is by that means, in fc 
meafure, interrupted, and is only renewed every other 
in each veflel. 

When this motion appears to have entirely ceafed, e 
in the half-filled veflel, it is a fign that the fermentatio 
finifhed ; and therefore the vinegar is then to be put i 
cafks clofe flopped, and kept in a cool place. 

A greater or lefs degree of warmth accelerate or che 
this, as well as the fpirituous fermentation. In Franci 
is finifhed in about fifteen days, during the fummer ; bi 
the heat of the air be very great, and exceed the twer 
fifth degree of Mr. Reaumur’s Thermometer, the h 
filled veflcl mufl be filled up every twelve hours ; bee; 
if the fermentation be not fo checked in that time, it 1 
become violent, and the liquor will be fo heated, i 
many of the fpirituous parts, on which the ftrength 
the vinegar depends, will be diflipated ; fo that noth 
will remain, after the fermentation, but a vapid liqi 
four indeed, but effete. The better to prevent the diffi 
tion of the fpirituous parts, it is a proper and u 
precaution to clofe the mouth of the half-filled veflel 
which the liquor ferments, with a cover made of oakvw< 
As to the full veflel, it is always left open, that the 
may adt treely on the liquor it contains : for it is not )i 
to the lame inconveniences, becaufe it ferments but 1 
flowly. 
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Dinlonnairt Portatif des Artt tft'Metkrs, another 
defcribed, by which a very good vinegar is com- 
ide at Parrs from <Ke lees of wine.~ For this 
1 the wine contained in the lees is prefled out; 
lto large cafks^ the bung-holes of- which are left 
refe calks are put into a hot place; and if thd 
proceeds too- * it muft be checked by 
re fiSefli wine. rfr Fhis procefs is very fimilar to the 

jearrinces whidhr accompany the acetous ferment 
mble miich thofe that occur in the fpirituous 
>ft. In both fermentations, aft mteftine motion j 
a hiffing nofley and an ebullition, may be per- 
'here are neverthblieft effential differences between 
fides that the flrodiliSs of the vinous and acetous 
ms differ exceedingly, the heat produced by 
is fcarcely fenfible, while that prdilufced by the 
nfiderable. Second^, we have reafoh to believe, 
ipof which exhales frOm vrftegar during fermcn- 
lot noxious, as the vapor of fermenting wine is £ 
Has not been obferVed to produce fuch bad effects, 
ontraryj as the acid' of vinegar more and more 
or unfolds itfelf, it feems to acquire more power 
nd retain the inflammable principle, which is 
langerous part of tKefe vapors. Laftly, vinegar 
lepoftt tartar sis Wine does, even although it has 
; with wine that had not depofited its tartar, 
iediment of vinegar is a vifcid, oily, and very 
matter. The grape-ftalks ufed in the making of 
:d promote and inereafe the fermentation, are 
er With this matter during the operation. They 
illy* wafhed cfeaft, and carefully preferved, to 
le fermentation of morte vinegar ; becaufe the acid 
h they are foaked a&s powerfully as a leaven or 
^The calks alfo which have been ufed for the 
n ©f vinegar ate to be cleanfed from the above- 
viftid matter, and kept for the fame ufe, as they 
ed fitter than neW cafks for the preparation of 

fed acetous fermentation is finifhed, the nature and 
iter of the liquor that has undergone it are totally 
Wine has a tafte and fmell* partly fpirituous, 
acid ; but in good wine the fpirit fo much 
per the acid, that the latter is fcarcely perceptible, 
and fmell of vinegar alfo is partly acid and partly 
I. R fpirituous } 
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fpirituous ; but the former quality fo entirely prevails, t 
the latter is almoft totally concealed. 

We cannot form any very clear and diftin& knowle 
of the manner in which Nature performs thefe char 
in fermenting liquors. The properties of wine and vi 
gar prove, that the acetous fermentation unfolds in a \ 
lingular manner the acid parts of wine, and intima 
combines them with the inflammable fpirit. Hence, 
changing wine into vinegar, its ardent fpirit is fo covi 
by the large quantity of acid, that it is no longer ] 
ceptible $ that it now cannot affect the head and intoxic; 
and that if it be diftilled, the firft liquor that rifes \ 
a heat lefs than that of boiling water is not an ardent fp 
as when wine is diftilled, unlefs the vinegar be too n 
and the acetous fermentation has not been comple 
finifhed; in which cafe the vinegar yields a little ar< 
fpirit: bu^wben old vinegar is diftilled, the liquor 
rifes firft is a flightly acid phlegm, which contains the i 
volatile, the moft odoriferous, and the raoft fpirituous ] 
of the vinegar. 

The acid of vinegar is employed in many chemical 
pharmaceutical preparations, for which not common v 
gar, but the acid fpirituous part of vinegar that is obta 
by diftillation, called dift tiled vinegar , is chiefly employ 

The proccfs of diftilling vinegar is very iimple. 
quantity of good ordinary vinegar is put into a large cu 
b t or ftill, which ought to be made of ftone-ware, and 
of metal, as the acid of vinegar is capable of a&ing ti 
moft metals. This cucurbit is funk in a deep furr 
fo that five or fix fingers breadth only near its neck 
pears. The neck is to be carefully luted with claj 
round the furnace, that the capital may not be he 
too much. A capital and a glafs receiver are then t 
fitted, and the diftillation is to be begun with a very g< 
heat. The acid fpirituous liquor pafles by drops intc 
receiver. This liquor is white, tranfparent, penetrat 
fomewbat empyreumatic, and difengaged from an \ 
but not fpirituous fubftance, and alfo from an extra 
faponaccous matter, both which are contained in ordi 
vinegar. Thefe latter fubftances remain in the ftill 
the coloring matter, and form together an extremely 
extract of vinegar. This refiduum contains alfo fome 
r; r, and by incineration yields much fixed alkali, as 
matters belonging to vines, grape6, or wine, do* 
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ild be much miflaken if we believed that the 
dus portion of the vinegar that rifes in this diftil- 
ftronger acid than the vinegar itfelf. Vinegar 
[lied with an intention to concentrate it, but 
engage it, as we have faid, from its extra&ive 
acia which this part contains is not, properly 
inegar, but is oily, not fpirituous, Ids volatile 
armer, or even than water. Accordingly, the 
ed in this diftillation, when well conduced, is 
ious and alfo more watery than the acid of the 

have attempted different methods of concen- 
illed vinegar. Stahl has taught us the bcft 
depriving it of its water without any alteration. 
yd confifts in expofing it to a cold fufEciently 
reeze its watery part, which is afterwards fepa- 
mps of ice, from the more acid part. Thus 
vinegar may be confiderably concentrated. See 
[tration of Vinegar by Frost. 
of vinegar may be more effe&ually concentrated 
ig Ft with alkalis, earths, and metals, as any 
nay. Thus, by drying perfectly neutral acetous 
xed bafes, and afterwards by decompofing them* 
ie mere action of the fire, or by means of con- 
triolic acid, we obtain the flrongeft acetous acid 
: produced. This acid is called radical vinegar . 
of Venus. 

of vinegar diflolves all fubftances upon which 
can act, and forms with them neutral falts, 
ich have particular names, but which all might 
ftous falts . 

careous earth this acid forms falts that in cryftal- 
into Alley ramifications and vegetations. Thefe 
med from their earthy bafes, fait of chalk , fait of 
tc. 

ed vegetable alkali it forms a very pungent and 
efeent fait, called regenerated tartar , or terra 
r i. See Terra Foliata. 

:d mineral alkali it forms a neutral cryftallifcable 


latile alkali it forms an acetous arnmoniacal fait, 
of Mtndertrus . 

:ombmations of the acetous acid with metallic 
lave not been yet examined. The combinations 
L with lead and with copper are belt known, 
R 2 becaufe 
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becaufe they furnifh feveral preparations ufed in p« 
ing, and Tome other arts. This acid united with cc 
forms verdlgrife and cryjlals of fenus ; and with lead f 
cerufs , and fait or figar of lead . See thefe feveral art 
The vinegar in which lead is diflolved is called vineg 
lcad y and is fometimes ufed as a cofmetic, for repe 
cutaneous eruptions. But this cofmetic ought not t 
employed but under the dire&ion of a prudent phyficiai 
it may occafion a dangerous tranflation of the morbid 
mour to other parts. 

Mercury diflolved fir ft by nitrous acid, and after? 
precipitated by fixed alkali, is quickly foluble in vin 
with which it forms a mercurial acetous fait. The crj 
of this fait are fhining filver-like plates, not very folut 
water. See Mercury. 

Vinegar very much concentrated, as the rectified ; 
of Venus, or radical vinegar, being diftilled with equal 
of highly rectified fpirit of wine, furnifhes a liquor ?i 
has all the eflential characters of ether, or rather is a 
ether, called acetous ether . The difeovery of this ether 
lately made by the Count de Lauraguais. Sit El 
(Acetous) 

Vinegar being an oily, fpirituous, vegetable acid is r 
Weaker than mineral acids, which are lefs compoui 
Accordingly all acetous neutral falts may be decomj 
by any mineral acids, excepting the vitriolic acid i 
very much fulphurated, which cannot be conlidered. 
pure acid. 

According to Mr. Gellcrt’s Table, the affinities o 
acetous acid are in the following order: Inflammable | 
ciple, zinc, iron, copper, lead, ’ and bifmuth. C 
filver, tin, and mercury, are marked in this Table as i 
pable of uniting with this acid. 

Vinegar s very ufeful, not only in ordinary life a 
Agreeable feafoning for many kinds of food, Dut all 
medicine, in chemiftry, and in feveral arts. 

This acid is in general antifcptic, and is confiden 
inciftve and aperitive. It is ufed as a vehicle in i 
ns which poflcfs theic qualities. Thus J 
oxymel is a fyrup made of honey a*nd vinegar. Such alf 
l of f/ui!ls y and feveral otlicr compound vinegar 
the ufc not only of medicine, but alfo of the toil 
r cdptS for all which are found in Difpenfatories. 
i* ry important medicinal virtue has been attributed to i 
£sfr, namely, that of curing the canine madnefs. 

Buc 
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in a work entitled, An Hiforical Treatife of Plants 
i Lorraine and the Three Bijhopricks , affirms, that 
cefsful trials have afcertained the efficacy of vine- 
k the ill effects arifing from the bite of mad dogs, 
s given in the quantity of a pound each day, 
to three dofes; one to be taken in the morning^ 
noon, and the third in the evening. The dif- 
this quality of vinegar was made accidentally at 
Trioul, a province belonging to Venice, by an 
of that town, who having been feized with 
idnefs, was cured by drinking a glafs of vinegar 
, inftead of fome medicine that had been prepared 


e already mentioned the ufe of vinegar in feveraj 
^reparations, particularly of cerufs and of verdi - 


GAR (PISTILLED). This is the fpiritu- 
f vinegar obtained by diftillation. See the preceding 


GAR (RADICAL). See Spirit of Venus. 
GAR of LEAD. Is a folution of lead or 
in diftilfed vinegar. See the articles Lead and 


IFJ CATION. Vitrification / is one of th$ 
dus and moft important operations in chemiftry. 
u£t ef this operation is Glafs; a matter which, 
made, is valuable for its great hardnefs, beauty, 
ft tranfparency, Thefe principal and eflentiaj 
f glafs render it very extenfively ufeful in ordinary 
tural philofophy, in chemiftry, and in many arts, 
ly form may be given to glafs, and all kinds of 
utenfils may be formed of it, which are capable 
; the moft powerful corrofives and folvents. Glaf$ 
of receiving and preferving the fineft polifh, Its 
of tranfmitting and refradting the rays of light, 
edting thefe rays when one of its furfaces is covered 
tallic coat, render it very ufeful for conftrudting 
elefcopes, microfcopes, and all kinds of optica) 
or collecting, feparating, and decompofing the 
ght ; and for exhibiting many wonderful catop- 
dioptrical appearances and experiments. If tQ . 
irable .properties we add that of imitating the 
lliant precious ftones, opake or tran (parent, we 
y be convinced that perfect glafs is one of the 
R 3 moft 
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moft beautiful and excellent produ&ions of human 
duftry. 

The art of making glafs is dependant on chemiftx 
all its parts. In its principles it is fimple, but exter 
in its detail, and difficult in its pra&ice. The extern 
this art does not permit us to enter into the particu) 
or into its fcvrral branches. In this article we (hall en< 
your to explain the chemical principles upon which the 
depends, and which may direct experimental philofopfr 
as well as intelligent artifts, in their refearches to 
prove it. 

Perfect glafs, or the moft beautiful factitious crvftal 
perfectly limilar in appearance to the whiteft and i 
tranfparent natural and vitrifiable (tones. The only 
fible difference between thele natural and artificial j 
dudtions is, that the latter are much lefs hard and n 
(fufible than natural cryftal, or any other vitrifiable ft 
In fa£t, pure glafs or artificial cryftal is effentially of 
fame nature as vitrifiable (tones ; or we may rather 
that it is vitrifiable earth itfelf rendered more fufible < 
by certain additions, as we (hall foon (hew. 

The moft fimple and elementary of all earths, callec 
chemifts vitrifiable earthy forms the hardeftand moft tran 
rent of all natural bodies, when its integrant parts 
united together in a due ftatc of aggregation : but the p 
of vitrifiable earth cannot form this aggregation, unlcfs 
have been previoufiy fo much feparated from each ot 
that they poffefs a mobility which enables them to u 
together according to their natural tendency : the integ 
parts of elementary earth may acquire this mobility by 
me thods ; namely, by the interpofition of the parts of w; 
or of thofe of fire. 

Almoft all the vitrifiable ftones that we know, as diamo 
jock-cryftal, and other hard tranfparent ftones, appea 
have been once difperfed in infinitely final! molecules thre 
mdeh water, from which they have afterwards been 
poll red, and then have united together and formed the 1 
hard tranfparent mdffcs which we now fee. The regular 
uniform cryftallization of thefe precious ftones is an evil 
proof of this truth. 

Poffibly fome of thefe ftones may have been formed 
fire, and by a true fufion. Perhaps even this terref 
globe has been once, as Mr. de Button thinks, one fp! 
of melted glais, or one immenfe diamond, the outer c 
•f which only has been changed by the elements, w 
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or parts ftill remain in their vitrified ftate (c): 
ertainly know, that of the two above-mentioned 
>y which pure folid maffes of verifiable earth may 
I, that of the divifion and elaboration by water 
pra&ifed by human art, on account of the many 
red for the operation. 

fecond method, namely, fujtortj the time required 
is better adapted to the fhortnefs of our lives, 
ily might, with a fufficient degree of heat, melt 
earth, and all other kinds of earths ; fince thefe, 
iciently purified, are reduced to the nature of 
earth ; and we might convert thefe earths into 
:ryftal, or of hard tranfparent {tones, as perfect 
tural precious {tones. In a word, nothing but a 
riently intenfe is required to melt any earthy 
id to convert it into a diamond, as brilliant and as 
e molt perfect natural diamonds : but here a great, 
rto unfurmountable difficulty occurs, namely, to 
heat fufficiently intenfe to melt the mo(t pure and 
’ifiable earth ; f$r the mod violent heat that art 
traduced is infufficient to melt even many of the 
mpure earths and {tones, and is therefore much 
le of melting that earth, which, becaufe it is the 
id pureft, is alfo the molt unfufible of all natural 
\ee Earth. 

we conclude* that although we know by what 
r parts of the pureft earthy principle may be fo 
to form bodies fimilar to the natural precious 
: we cannot poffibly put thefe means in execution : 

cannot artificially produce folid mafTes of pure 
ftly iimilar in all their properties to the natural 
Jones, we can however very well imitate thefe 
natural productions, not in their hardnefs and 
y, but in their tranfparency and luftrfcj that is, 
10ft obvious and ftriking qualities, by means of 


BofFon conjeftures, that the earth, as alfo the other 
ight have been parts knocked off from the fun by a 
ng upon its furface ; that they received from the im- 
he comet their progreflrve motion ; and alfo, by the 
f the ffcroke, their motion round their own *xe$ ; that 
was then in a vitrified and fluid (late; and that a 
Jed from its furface hy the violent heat, the grofler 
Inch, being afterwards condenfed, formed water, and 
lie remaining fufpended formed air. 

R 3 com- 
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compofitlons of glafs or factitious cryftal. The folut 
of this problem is founded on the following principles. 

Firft, pure and elementary earth, which makes the pr 
cipal bafis of all vitrifications, and therefore called vii 
fiable earth, is indeed unfuiible with regard to us : but 
know, that certain very fulible fubftances are capable 
uniting intimately with this earth, and of communicat 
to it fome of their fufibility ; fo that by their means 
may reduce it to a perfect fuiion. 

Secondly, the fubftances capable of acting upon 
earthy principle are the inflammable principle or phlogift 
and fcveral faline matters ; but we may remark, that 
thefe fubftances do only aCt as fluxes by uniting intimat 
with the vitrifiable earth, and while they themlelves m 
part of the glafs; and alfo, as the integrant parts of tl 
fluxes are not capable of forming either with each other, 
with the parts of vitrifiable earth, fo ftrong an adhefior 
that which can be formed between the parts of the p 
vitrifiable earth ; it follows, that all factitious cry 
muft be much lefs hard than natural cryftals, or other h 
ftones ; fince thefe contain only pure vitrifiable earth. 

Thirdly, in confequence of the principle that all cc 
pound bodies partake of the properties of their compon 
parts, factitious cryftals ought to partake fix much more 
the properties of inflammable and faline matters, and ou 
to be removed fo much more from thofe of pure vitrifi: 
ftoncs, as they contain a larger quantity of thofe matt 
Accordingly we find, that the fmaller quantity of i 
that is contained in glafs, the greater hardnefs, luf 
and rcfcmblance to natural ftones it has, provided 
fufion has been compleat. Thus glafs is fo much m 
perfeCt, as it pofleftes more of the properties of vitrifia 
earth. 

Thefe principles, which are inconteftable, being o 
undcrltood, arc calily applicable to the art of making gl; 
as we fball lhew : fince, if we could produce a fire fu 
ciently intenfe, and h^d furnaces and veflels capable of { 
taining it, we fhould make glafs equal to ■ the preci< 
ftoncs ; it is therefore evident, that the moft import 
object in vitrification, is to have furnaces capable of p 
during the greateft heat, and pots or crucibles capable 
refilling, during a long time, this heat, and alfo the act 
of the vitrefeent matter that they contain. At the article! 
this Dictionary, Clay and Pottery, may be feen w 
are the byft earths, or mixtures of earths, for the conftri 
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uumaces, and of pots or crucibles* We (kail here 
:at, that thefe pots ought to be made entirely of 
: refca&ory and pure# clay, well waQied and 
from all fandy, ferruginous, and pyritous matters, 
d with a certain proportion of the fame clay baked, 

Lded not very finely. The quantity of baked clay 
ht to be mixed with the crude clay, to prevent 
frpm cracking when dried, or when expofed to 
leat, is not abfolutely determined, but varies in 
glafs-houfes, according as the crude clay employed 
or lefs fat, as it is called : but Mr. D'Antic, 
rf Phyfic, a very able chemift, and particularly 
[it about every thing relating to the theory 
iice of glafs-making, in an excellent Memoir 
s fubjed, propofes a very good method of afcer-' 
the quantity of burnt clay that ought to be mixed 
de clay in the compofition for pots and furnaces, 
thod confifts fin mixing the burnt and crude clay 
ent proportions, and in forming cakes of thefe 
fixtures, each of which is one inch in thicknefs, and 
hes in each of the other two dimenfions. When 
kes have been fufficiently and very fiowly dried, 
rxpofed to a violent heat, till they become as hard, 
ttrafl: as much in their dimenfions as they can, 
to be then examined ; and the cake, which has 
a diminution of its bulk equal only to an eighteenth 
made of the beft proportions. According to the 
ihor, moft clays require that the proportion of the 
ould be to the frelh as four to five, 
ovens and furnaces are different according to the 
r of materials to be vitrified. For experiments 
rs, we know none better than the melting furnace 
1 at the artide Furnace, and which muft be 
vith charcoal. In large works wood or foffil coal 
, and the furnaces are fo conftrudted that the flame 
fuel circulates and burns within very intenfely. 
furnaces vary much in different countries and glafs- 
and as a defcription would not be very intelligible 
figures, we.fhall refer the reader to other works in 
hefe feveral furnaces are deferibed and reprefented, 
arly to the French edition of Neri’s Art of Making 
vith Notes byMerret and by jCunckcl, and to the 
[uoted Memoir of Mr. D’Antic. We (hall here 
in general, that thefe furnaces are placed under 
id lofty buildings called balls \ that they are covered 

with 
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with a vaulted roof ; and that they have no chimney, \ 
only lateral openings through which the melted glafs 
drawn from the pots. Under thefe openings is built a ki 
of platform or banquette, on which the pots containi 
the glafs ftand, one of which is oppoiite to each openin 
In the middle of the furnace, below the banquette, l 
fpacc, a-crofs which iron bars are laid. In this fpa< 
which communicates with a large cavity below, called t 
afh-hole, the fuel is placed, in thefe furnaces, vvhi 
have not any chimney i as we have faid, the fire is nev< 
thelefs very intenfe. This intenfe heat is occafioned 
the great capacity of the furnace, by means of which 
ftrong draught of air pafles continually from the afli-ho 
Befides, the flame, being vividly agitated by air, a 
not being drawn out of the furnace by any chimney, c 
culates in every direction within the furnace, and produc 
a very violent heat. Moft glals-houfe furnaces have aJ 
hollow towers that communicate with the cavity of t 
furnace, and which therefore encreafe the capacity of t 
whole. In thefe the heat is not nearly fo intenfe as in t 
furnace. They are employed to contain the fritt y or t 
pieces of manufa&ured glafs that are to be annealed. Su< 
is the general difpofition of the furnaces of glafs-houfes. 

The good condition of the pots and furnaces is, as we ha 
obferved, the moft important and eflential matter to be co; 
fidered in the operations of making glafs. Next to that, 
the confideration of the kinds and proportion of the fluxe 
Of thefe we may obferve two kinds, namely, the inflammab 
and the faline. As we cannot obtain the pure inflammab 
principle, we tnuft, when we intend that it fhould enter in 
the compofition of glafs, chufe for this purpol'e fome of tl 
earthy fubftanccs with which it is found naturally cor 
bined ; and thefe are particularly metallic earths, which a 
beft adapted for conveying phlogifton into vitreous cor 
pofitions : but all thefe earths arc not equally fit for tb 
purpofe. All metals are compofed of an earthv matt 
intimately combined with a fufficient quantity of the ii 
flammable principle to be very fufible, and, at the fan 
time, very opake. Some of thefe metals, namely, tho 
called perfett, arc unalterable by fire, and cannot be ci 
tirely, or even partly, deprived of phlogifton : but as cvei 
metallic fubftance is incapable of uniting with earth 
matters, while it retains its metallic ftate, therefore r 
perfect metal can be vitrified. The cafe i» different wit 
tbofo metallic fubftanccs, the phlogifton of which may b 
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>r otherwife deftroycd. The earths or calxes of 
crhaps of all combuftible metals, when not perfectly 
1 of all their phlogifton, are capable of being reduced 
reous (late, by means of their remaining inflam- 
rinciple. As they are not then in a metallic Rate, 
n facilitate the fufion of vitriiiable earths, may 
: with thefe an intimate union, and reduce them to 
of perfeCt vitrification : but thefe phlogifticated 
rf imperfect metals promote vitrification more or 
wording to their particular natures. Some of thefe, 
inftance, tin, cannot be without great difficulty 
to that precife degree of calcination that is necel- 
vitrification ; becaufe the heat required for this 
deprives them of all their phlogifton, and renders 

I a high degree refractory. Others, in whatever 
they be calcined, either retain too little phlogifton 
ifficiently fufible, although they (till retain enough 
them color ; or if they be not calcined fo much as to 
ir fufibility, they cannot be melted but into opake 
fo nearly in a metallic ftate that they cannot be 
ntimatclv with verifiable earths. Such, efpecially, 
earths ot iron and of copper. 

II metallic earths, that of lead is fitted for vitrifica- 
This metal, which contains a large portion of 
on, is quickly deprived of fo much of it, that it 
metallic ftate, and is eafily melted into a tranfparent 
; mafs $ but it has, at the fame time, this remark- 
operry, that when once it has loft as much phlo- 
s is neceiTary to difpofe it to vitrification, its calx 
r retains as much of it as is neceffary to give to it 
eft degree of vitrefcibility ; and that it may be fooner 
d into vapors by the continued aCtion of a very 
fire, than it can be changed into an earth totally 
;ifticated, and confequently refractory, like the 
of tin and of regulus of antimony. Befides, the 
earth of lead is one of thefe that retain the lead 
All thefe qualities render it preferable to any other 

: earth for the purpofes of vitrification. The earth 
luth, which in the above-mentioned properties rc- 
the earth of lead, may probably be employed with 
fuccefs : but as the calxes of lead are much more 
n than thofe of bifmuth, the ufe of this femi-metal 
;nown to manufacturers of glafs. 
whatever manner the calx of lead has been prepared, 
d it be really in a calcined and npt in a metallic 
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flute, it may be ufed in vitrification. Accordingly, tl 
grey calx, or afhes of lead, , maflicot, red-lead, Iitharg< 
cerufs, and all the precipitates of lead, feparated froi 
acids by unmetallic intermediate fubftances, being mixe 
with fand or any other verifiable ftcnc, and expoled to 
iufficient degree of fire do always premote the fufion of the 
matters, and form with them glafles more or lei's hard ar 
tranfparcnt, according to the llrength of the fire and tl 
proportion of the ingredients. 

The earth of lead conftantly retains, as we have fail 
enough of the inflammable principle to preferve its fufibilit 
When it is expofed fingly to the fire, it vitrifies with a vei 
moderate heat. It has more phlogifton than is requifi 
for its vitrification. The fuubility, fluidity, and adtivil 
of this glafs of lead, when pure, are fo great, that it canni 
be contained in any crucible, all which it eafily pervade; 
therefore pure glafs of lead is never made. But as tl 
calx of lead has more phlogifton than is required for i 
own vitrification, it may divide this cxcefs of inflammab 
•principle with any unmetallic earths with which it is mixe 
and thus may produce their fuiion and perfect vitrificatio 
The glafles formed by a mixture of calx of lead with ui 
metallic earths have more confidence, hardnefs, and It 
fufibility, than pure glafs of lead. The proportions of ca 
of lead and of fand employed in thefe kinds bf glafs, are fro 
one part to two of calx of lead , to one of fand, or of grouj 
flints. 

We may obferve upon the fubjecl of glafles that conta 
no other flux than phlogifton or metallic earths, of lea 
or of any other metal, that none of them are perfeft 
white, but are all more or lefs colored ; becaufe phlogilb 
is, as chemifts know, the principle of colors. Second! 
thefe glafles have a greater deniity or fpecific gravity th: 
any natural cryftalline ftone, all metallic earths beij 
heavier than any that are not metallic. 

Thirdly, metallic glafles are generally fomewhat 1< 
brittle, are lefs liable to be broken by the alterations 
heat and cold, and have more of a certain fmoothnefs, c 
as it were, uneftuofity, not eafily to be deferibed, than glaf 
made altogether of unmetallic earths. Thefe properti 
can only be attributed to the inflammable principle, 
pretty confidcrable quantity of which is united with thei 
As thefe latter qualities of glals are valuable, a certain qua 
titv of calx of lead generally enters into the compofition 


Digitized by t^ooQle 


V1TRIF1C ATT0N 

ie glafles, which are diftinguMhed from ordinafy 
the name cryjlal-glaj i. - • 

i what we have find concerning the properties of 
: earths in vitrification we may perceive, that the 
ilx of lead, or other metallic earth, enters into the 
ition of any glafs, the more fufible, foft, colored, 
ife this glafs is ; and reciprocally. The colors giveA 
i by calxes of lead are ihades of yellow, 
ie fubftances are the fecond kind of flaxes ufed in 
ition : but all thefe fubftances are not equally fit for 
rpofe ; not that they are not all very fufible, but fot 
reafons hereafter to be mentioned. 

, neither the pure and difengaged acids, nor volatile 
nor ammoniacal falts can be employed as fluxes in 
ition, becaufe none of thefe faline matters is fuffi- 
fixed. Their, volatility is fo great, that they may 
lly diffipated by lire before they could a<S in any de- 
K>n vitrifiable earth. 

ndly, none of the neutral falts with bafis of fixed 
containing either vitriolic acid or marine acid, call 
>loyed as fluxes in vitrification. This proceeds, not 
heir want of fufibility, or of the neceffary degree of. 
but from the union of the acid and the alkali j Wliich 
rong, that they cannot a St with fufficient force upon 
fubftances, and particularly upon vitrifiable earth: 
dine matters fit for vitrification are, fixed alkalis , ve- 
:-ond mineral j nitres with bafis of fixed alkali 5 Jidat 
It and borax j fufible fait of urinr 9 or rather phojfborh 


ill faline matters, fixed alkalis, vegetable and mineral, 
>ft frequently ufed in vitrification. Thefe alkalis are 
with a moderate heat $ they are fo fixed that they can 
luring a fufficient time the heat of ordinary vitrifica- 
and they a& powerfully upon flints, fands, aftd 
/itrifiable (tones. The proportion of alkali to fand, 
er to make good glafs, is, from 'one to two parts of 
rmer ingredient, and two parts of the latter, 
re produces in vitrification nearly the fame effects as 
dkalis, although it be a neutral fait, the alkali and 
f which are united together nearly as they are in 
an fait, which however does not produce in vitrifi- 
fimilar effe&s. The remarkable difference in this 
t betwixt thefe two falts, and betwixt the nitre and 
triolic falts, mult be attributed to the great affinity o> 
% acid to the inflammable principle > which affinity 
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is To ftrong, that when nitre is expofed to fire in veflels n< 
perfe&ly clofe, the acid quits its alkaline bafis to uni 
with the phlogifton of combuftible matters, even thoug 
thefe be not fenfibty in contadt with it. Hence nitre e: 
pofed during a certain time to the adtion of a ftrong fir 
js gradually alkalifed, and then becomes capable of diffolvir 
very effectually verifiable earth. This alkalifation is pn 
duced fo much more eafily in moft vitrifications, that tl 
ingredients employed generally contain fome inflammab 
matter. Common fait cannot be alkalifed in this manne 
becaufe it cannot be decompofed by the contact of inflan 
mable bodies, and therefore is not ufed in vitrifications 
but as vitriolic acid has a ftrong affinity with phlogiftoi 
we might be inclined to think, that vitriolic falts wil 
bails of fixed alkali, which alfo are never ufed in vitrificatioi 
might perhaps be employed along with fand or other vitr 
liable matters containing a larger proportion of phlogiftc 
than the ingredients now commonly ufed do: but I do n< 
know that any fufficiently accurate experiments have bee 
fnadq on this fubjedf. 

Fixed alkalis or nitre cannot be formed into tranfparei 
glafs by being melted fingly ; becaufc thefe falts contain tc 
little of the earthy principle ; for they form true glafli 
when they are mixed with a fufficient quantity of this prir 
f iple, as with fands and other earthy matters : but bora: 
fedative fait, and the fufible fait of urine, may be mcltc 
without any earthy addition, into transparent vitreoi 
maiFes ; and hence we may conclude, that thefe falts contai 
a larger portion of the earthy principle than nitre or fixe 
alkali. They neverthelefs very powerfully promote tf 
vitrification of other fubftances. Thefe falts are n< 
employed in the manufacture of large quantities of glaf 
becaule they are too dear. Borax is fometimes ufed fc 
making fmall quantities of fome particular kinds of fin 
glafs. ' 

Arfenic may be enumerated among vitrifying fluxes, t 
it is fufible and vitrcfcible fingly, and is alfo capable of pre 
moting the fufion of vitrifiable earths; for which purpoi 
jt is frequently employed as an ingredient in vitreous com 
portions. As arfenic partakes both of the metallic an 
inline properties, it probably acts in vitrification both as 
lalt and as a metallic earth. The quantity therefore c 
arfenic neceliary to promote vitrification, is intermedia! 
betwixt the quantities of calx of lead and of faline fub 
fiances that arc neccllary for that purpofe. But we mu: 

obferve 
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that as arfenic is very volatile, a great part of i* 
a vapors upon the firft application of heat, and that 
itity remaining is always uncertain* Arfenic cannot 
employed as the fble flux for verifiable earth# 
re . intend that a certain quantity of this matter 
rniain in the compofition of a glais, one of the befe 
that can be ufed for this purpofe, is at the fame 
add nitre to the ingredients of this glafs ; becaufe 
tic uniting with the alkaline bafts of the nitre forms 
xal arfenica] fait, in which the arfenic is confider-* 
d. But as this neutral arfenical fait is eafilyde-? 
d by conta& of phlogifton, therefore no calx of lead 
r iubftance containing the inflammable principle 
> be mixed with aritnic in the cOrtpafition of glafei 
bund by experience, that this neutral arfenical faty 
lifficultly manageable in vitrificadon^, not only for 
m now given, but alfo from the property it has of 
lly corroding and pervading crucibles and pots* 
r mixtures I have found that it quitted the verifiable 
th which it was mixed, anda&ed upon the crucible* 
it. penetrated and diflblved. Thefe experiments 
ne to believe, that arfenic has a greater affinity with 
an with verifiable earths j which I propofe hereafter 
p further. 

Mr. Pott’s experiments, chemifts know, that vitri- 
:alcarcous, and argillaceous earths, each of which 
;Jy unfufible, do reciprocally promote the fufion 
other, when mixed together nearly in equal pro-* 
►, and expofed to a very violent heat j and that 
>efe mixtures matters perfe&ly vitrified are formed, 
ve do not know the caufe of this Angular fufibility, 
lot determine whether it is produced by a phlogiftic 
(aline fubftance, or perhaps by both, 
es that contain no other fluxing ingredient than 
ic matters or metallic earths, partake of the pro- 
of thefe metallic earths; and alfo glafies that contain 
ine .fluxes partake of the properties of falts. The 
or faline glafies, when pure and well proportioned 
heavy, lefs denfe, harder, whiter, more brilliant, 
rittle, than the glafies containing calx of lead : and 
containing both faline and metallic fluxes do alfo 
of the properties of both thefe fu^ftances. In gene- 
fibs too faline are foft, and eafily fufceptible of altera- 
r the a£Hon of air and water ; Specially tbofe in 
alkalis prevails which latter glafies are alfo liable 

to 
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to be attacked by acids, as we evidently fee from the pro* 
perties of the vitrified matter that is made with an excel 
of alkali, for the preparation of liquor of flints . Glafle 
containing too much borax and arfenic, although at firf 
very beautiful, do quickly tarnifh and beconte opake wher 
ex poled to air. 

From what we have faid concerning the properties o 
fluxes, phlogiitic or faline, we may know how to adjuft th< 
proportions of thefe to the fand, or powdered flints, for th 
various kinds of glafs. Thus if we require a glafs tha 
is denfe, fufible, and not faline, one part and a half of ret 
lead or litharge may be mixed with one part of fand, am 
fufed together. If equal parts of fand and of calx of leai 
be employed, a glafs fomewhat lefs denfe and harder will b< 
produced. 

If a glafs be required of very little denfity, only falin 
fluxes mull: be employed. A glafs of this kind may be com 
pofed of fix parts of fait of tartar, or of potafh, or of pu 
rifled foda, mixed with eight parts of fand or of flints ; o 
of four parts of any of the above-mentioned alkalis, mixe< 
with two parts of nitre or of borax, and eight parts of vitri 
fiable earth. Thefe glaffes muft be left long in the fire fo 
the reafons hereafter to be mentioned. 

When a cryftal-glafs is required which fhall be of ai 
intermediate quality betwixt the metallic and faline glafles 
it may be made from a mixture of one part of the above 
mentioned faits, one part of calx of lead, and two part 
of fand or other vitrinable earth. By varying the propor 
tions of thefe ingredients, many different kinds of glafie 
may be produced, each of which maybe good, if the quan 
titv of each of the fluxes employed be proportionable to it 
vitrifying power. Several good receipts for glafs, an< 
factitious cryflal, may be found in Neri s Art of Making Glaf 
with Notes by Merre't and Kunchel , to which work we refe 
for many interefting particulars. Wc fhall however obferve 
that the proportions of the fluxes neceflary to produce an; 
required kind of glafs cannot be precifely ascertained, fo 
the following reafons. 

Firft, the lands, flints, and other Hones commonly em 
ployed for making of glafs, arc not all equally fufible 
Thus the quartzole fand obtained by wafhing an eartl 
found near Nevers, known to manufa£turers of glafs and o 
pottery by the name of fand of A evers^ may be almoi 
entirely melted when expofed to a good vitrifying heat 
and by a moderate heat its grains may be confiderabl 

rounded 
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I know fome other hard (tones,* which in a vio- 
are (till more fufible, and convertible into an almoft 
nt glafs without addition. The fufibility of thefe 
e (tones is caufed by fome unknown heterogeneous 
nited with them. Thefe fufible fands and (tones 
much lefs quantity of flux to promote their vitri- 
than other fands or vitrifiable (tones, which are 
rer, and therefore more refraCtory. 

11 jj, although the phlogillic and faline matters 
as fluxes in vitrification are fufficiently fixed to 
he degree of fire neceflary for the fufion of glafs, 
neverthelefs far from being fo fixed as vitrihable 
rhe fire neceflary for the perfect fufion of glafs, is 
Lcient to evaporate them entirely. Accordingly, 
houfes where the pots are uncovered, a vapor 
continually rifes from their furface, which is 
?lfe than the faline and phiogiftic fluxes in a ftate 
lual exhalation. Hence the longer glafs remains 
1 the fire, the harder and more difficultly fufible 
ss, and the more it partakes of the properties of 
liable earth. Accordingly, even when a very hard 
quired, fuch a quantity of flux ought to be added, 
it firft promote a perfect fufion ; and this fufion 
3 e continued a long time till a considerable quantity 
x is gradually diffipated, and till the glafs has ac- 
e requifite degree of hardncfs, provided that the 
ifficiently ftrong to maintain the fufion notwith- 
the lofs of flux. From thefe obfervations it 
that we cannot precifely afcertain the proportion 
» vitrifiable earth, unlefs we knew the fufibility of 

0 be employed, and the degree of heat which can 

1 in the furnace. 

tiine fluxes, and efpecially the fixed alkalis cm- 
vitrification, are generally rendered impure by a 
f feveral heterogeneous matters, and efpecially by 
Its not vitrifiable, and by a certain quantity of in- 
r principle. In manufactories of bottles and other 
glafs, the alkalis employed are not previoufly 
but are even mixed with the earth of the aflies of 
: plants, which earth is alfo much difpofed to 
>n. Accordingly, to make glafs of this kind, 
fixed with common wood-afhes, fometimes even 
5 which have been lixiviated, togeth n* with fome 
i potafh, foda or kelp; and from this mixture a 
lu(ky, not very tranfparent glafs is produced, 
[I. S which 
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which is preferred in common fale for wine bottles t 
clearer and more tranfparent glafs. But when a fine, whiti 
and very tranfparent glafs is required, the alkali mull 1 
perfectly purified from all heterogeneous matter, 1 
lixiviation and calcination. See the articles Alka 
(Fixed). 

As a too large quantity of the inflammable principle is tl 
chief caufe of the colors and of the opacity of glafs, whi 
a perfect colorlefs and tranfparent glafs is required, n 
only the alkalis mult be deprived of all their fuperabunda 
phlogilton, but alfo the lands or flints employed muft 
purified from any of this principle which they may contai 
The method ufed for this purpofe is by mixing togetk 
the due proportions of lands and falts, by expofing tl 
mixture during a confiderable time to a red heat* not intei 
enough to melt it. By this calcination, the phlogift 
of thefe matters is burnt and dillipated, all color is c 
itroyed, and the glals produced is alfo more clear and br 
liant. This fird mixture of materials of glafs, when C 2 
cincd, is called the fritt ; and this fritt is ufed in lar 
manufactories not only for the finer glafs, but alfo for t 
common brown glafs ; not with an intention to render t] 
latter kind of glafs colorlefs, but bccaufe during, this c; 
cination, the lalts and earth begin to aCl upon each oth 
and to incorporate in a certain degree; by which a gr 
part of the cffervcfcence and fwelling occafioned by 1 
reaction of thefc matters, which happen when they are 
once expofed to a melting heat, are avoided. According 
when matters not previoufly fritted are employed in fm 
experiments, the heat mull be applied gradually; otherw 
they lb fwell, that frequently the greatelt part of the mixti 
runs over the crucible. 

The due degree of heat is an eflential point in making 
glafs; it ought not only to be very ftrong, but alfo mai 
tained during a long time. In great manufactories, t 
glafs is kept fuled during ten or twelve hours before it 
taken out of the pots. Accordingly their glafs is alw; 
more perfect than that which is haftily made in fin 
quantity in two or three hours. Good glafs, althou 
kept in fufion in a very great heat, is not perfectly liqu 
It is always fomewhat thick, and when taken from i 
crucible, it mav be drawn out into fine wire or threat 
which fhew* that it has a certain confidence and a vi 
ibnfible tenacity when it is red-hot. It is not tranfpare 
while it remains red-hot, not even when it has become p 

fee 
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hard. Another remarkable circumftance is, tJ»4< 
vhich is fo brittle when it is cold and tranfparent, is 
udile when it is fo heated as to be opake. We mi^ht 
aced to believe, that the difengaged fire with which 
afs is filled when it is red-hot, produces upon it the 
dfed that phlogifton, or combined fire, produces 
netals. The dudilitv of red-hot glafs is very ufeful j 
its means all imaginable fhapes may be given to glafs, 
umberlefs vefTels and utenfils may be eafily formed 

bon as glafs-veflels have received their intended form, 
mft be cooled very gradually, otherwife they would 

0 folidity, and would be of little ufe, as they would 
jle to be broken by the fmalleft ftroke, or by a 
hange of heat and cold. This inconvenience is pre- 
in glafs-houfes by carrying the glafs veflfels as foon 
r are formed, and while yet red-hot, into an oven too 
eated to deftroy their form, but in which they may be 
•adually cooled. This is called annealing the glafs. 
withftanding all the care taken in the man u fa dories 
iner kinds of glafs, as cryftal- glafs and plate-glafs, to 
them perfedly good, they are neverthelefs feldom 
quite free from faults. The principal faults in glafs 
>lor$, bubbles, and veins. The colors which gene- 
urt glafs, efpecially that kind which contains faline 

arelhadesof green, olive, and blue. Thefe colors 
hoyed by manganefe^ which being added in fmall 
:ies, clears the glafs, and is therefore called by artifts 
of glafs. This effed of manganefe cannot eafily be 
led, for it has the property of tinging glafs with a 
color. Mr. Montamy, in his Traite aes Ceulewrt 
Peinlure en Email , has a very fine and ingenious 
t upon this fubjed, which is, that the manganefe 
s the above-mentioned colors, by adding to thefe 
le tinge, and by the mixture producing a blackifb- 
co!or ; and that as blacknefs is caufed merely 
abforption of the rays of light, therefore the 

1 tinge given to the glafs by the above mixture of 
prevents the refledion of fo many rays, and thus 
the glafs left colored than before. Tne caufes of 

>bles and of the veins in all glafs, even when moft 
ly prep are d, and the methods of preventing thefe 
ue little known. No researches nave been made 
us fubjed, by any chemift excepting by Mf. D’ An tic* 
experiments are pablilhed in the Memoirs of the Aca- 
il denj. 
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dciny. But however interesting thefe may be, this mat 
requires further examination. As the veins of glafs, uni 
they be confiderable, are leldom very perceptible in the fit 
kinds of glafs when well compounded, and carefully mai 
they ha*e therefore been hitherto neglected. Neverthel 
we ought to inform thole who are interellcd in the progr 
of arts and lcitnces, that fince the important difeovery 
achromatic telefcopes has been made, the correction of ti 
fault in glafs deierves attention. We need only info 
thofe who would attempt this improvement of glafs, that t 
objeft-glafs of thefe telefcopes is compofed of feveral glaf 
of, different degrees of dcnlity ; and that the effect of l 
compcfition of different glaiies is (fuppoling them at t 
fame time to have the due curvatures), that telefcopes m 
be made, which do not exhibit irifes when looked throut 
which are therefore infinitely preferable to ordinary te 
fccpcs, and from which athonemy may receive much a 
vanccmcnt. 

Some great geometers have determined the denfityfc 
the curvature ti at thcle object- glafies ought to have. B 
in va : n have Luier, Clairaut, and D’Alembert iiluflrat 
this p , rt of dioptrics by means of the moll fublime theor 
un els glalics can be made which Dial 1 be capable of pr 
during the effects required. No certain and conftant m 
thod is yet known for making cryftal g!afs for th-is purpo; 
A celebrated Englilli optician, Mr. Dollond, who h 
himleif had a coniiderab e lhare in the difeovery of th( 
new telefcopes, does indeed make them very good ( d j. B 

♦ o 

‘ (d) The irdi flirt ftnefs of the images fcen through comnv 
teh ce pes proceeds chiefly from this cuufe, that fome of thee 
l&ri-d rays cfliriit are refracted more in palling through glafs,- 
an. refracting medium, than the others, and do therefore pr 
ducc prilmatic colors. 1 he late ingenious Mr. Dollond foun 
that this ciiTercnce ot rci Tangibility or uifperfion of the color 
fkys, was much grea;ci when die lays palTed through fume kin 
cf glafs, as flint.- giafs, than through others, as crown-glafs. J 
storing, theie oie, to the convex objeft tens of telefcopes (whi< 
vyas made of crcwn-glaG) a concave lens made of fiinr-glaO, tl 
curvature of which was not fufheient to dcilioy the whole convc 
fcncy of rsys of light produced by the convex lens, he count* 
ifffed the error proceeding from the diipeilion of the colored ra 
in raffing through the convex lens, and, by thus uniting the 
irverai rays r fbxmedxmc ciiiimc: image. This power cf ditferci 
kinds. of glaf', by which they dimeric the colored rays is not pr< 
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.opticians, who procure from England the fame glafs 
t is employed by the Englifh opticians, affirm this 
fs is very faulty; and that amongft a Inr^e quantity, 
le pieces only can be found fit for the purpofe : hence 
find that it is not Conftandy made good in the Englilh 
fs-houfes. 

don able to the denfity of the glafs ; although calx of lcr.d 
ed to glafs Angularly encreafes this difperfive power. 1 he 
lor of the Dictionary fays, that Mr. Dollond had a great 
e in this difeovery. He was the firfi perfon who attempted or 
) executed this improvement. We may indeed obferve, that 
l before, in the year 1 713, Dr. David Gregory, the celebrated 
fefforof Allronoinyat Oxford, did fuggeit, ( J n his Catoptric 
Yioptric* Spbtrica Element a) that by compounding the objeCt 
>of a dioptric tekfeope of feveral media of different refraCtive 
rers, the image might be rendered more diftindt, in the fame 
aner (fays he) as it is done by the compounded media of the 
s of animals. 

dr. Zieher of Pcterfburgh has made experiments which (hew, 
t by enertaiing the proportion of red -dead to flints in the coal- 
ition of glals, he could greatly enereufe this difperJive power 
proportion to the mean retraction ; and that by adding alkaline 
s to the mixtures of calx of lead and Hints, he could greatly 
linilh the mean refra&ion of his compositions without le/Teniug 
ir difperfion. lie fays he computed a gkifs much fuperior to 
t-glaifs, as its difperfive power Was much greater relati vely to its 
irt refrattion. But this is not the principal difficulty in making 
fs fit for achromatic tel efc opes. The flint-giafs commonly made 
England, with a fxnall proportion more of calx of lead in its com- 
ition, would fufficienrly anfwer the purpofe of optidali*, if 
t glafs could be procured free from veins. But here lies the 
iculty that has hitherto obffructed the advantages which we 
l tea l'on to expend front Mr Dollond’s excellent tdifeovery. 
fortunately, this kind of glafs is peculiarly lubjeft to (mail 
ns, which diiturb the rays in their pafiage, and thereby render 
viiion confuted. '1 hk effc& owing to the denfity of thefe veins 
ng greater than that of the roll of the glafs, as appears from 
ir image received on white paper, when the gl^/s is held bc- 
;en the paper and a candle, or other luminous object. For this 
age of a vein, thus jpeeived, is a line brighter than the roll of 
i image of the glafs, and this bright line is defined by a dark 
;eon each fide. But the bright line evidently lhews a coawr- 
lcy of rays, and tbi» convergci.cy can only be effected by the 
ns being denfer than the medium in which they are placed, 
ic reafon why flint glafs is more ftrbjeft to v.ins than any othc 
ifs, is (as 1 apprehend) becaufe it is compofed of matci i 
re different denfidcs. 
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A certain method therefore of making fuch a cryftal gla 
fs is required* ftill remains to be difcovered. Two kinds < 
glafs are required for the obje£t-glafs of achromatic tel 
fcopes. One pf thefe is a light cryftal-glafs, made wi 
faline fluxes, like the French mirror-glafs. 

Good pieces of this kind of glafs may be eafily foun 
The other kind of glafs is a denfer cryftal-glafs* and ther 
fore contains fome calx of lead in its compbfition. Such 
the Englifh flint-glafs. The denfity of this glafs oug 
to be fuch, that a cubic inch (hall weigh fourteen hundr 
grains. A perfect glafs of this kind cannot be obtain 
without great difficulty. I have been allured by fome int 
Jigent perfons, who have confidercd this fubject of achi 
made telefcopes, that the qualities effentially requifite 
this glafs were, that it fhould be very tranfparent, and p 
fe&ly free from veins, to which it is very liable ; and tha 
flight tinge pf yellow, and even a few bubbles, were not vi 
injurious. I have made many experiments to obtair 
£ryftal-glafs free from veins, but have met with great di 
pulties. The veins are undulated, like thofe which app 
when two liquors of different denfities, as water and fp 
of wine, are added together, and before they are v 
mixed. This appearance (hews, that fometbing fim 
happens in the making of glafs. I endeavoured to con 
this faplt by a very careful mixture, and by a pompl 
fufion, But I confefs, that although I have expofed tl 
glaffes to very violent and long-continued fires, and h 
Several times pulverifed and ground them, and repeated 
fufion* I have not beep able to procure any perfectly : 
from veins. I have been prevented by other neceffary oc 
pations from continuing my experiments on this fubj 
But although thofe which I have made, fufficiently (hew 
difficulty of making glafs of the required denfity, and w Y 
(hall be perfectly free from veins, this difficulty neverthc 
does not appear unfurmountable ; and I do not doubt 
fhat by patiently profecutjng this inquiry, we may arriv 
the ddired fuccefs. 

We (hall obferve, in concluding this article, that fev 
caufes leffen, or entirely prevent the tranfparency of g] 
which is one of its moft neceffary qualities. As we car 
melt verifiable earth into tranfparent maffes but by m< 
of fluxes, and a fufficiently ftrong and long-contiqued h 
therefore when the vitreous mixture contains too 1 
flux, or is expofed to too little heat, fome parts of the v 
liable earth cannot be entirely fufed, and therefore in 
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ere or lefs, according to their quantity, the tranfparency 
’ the glafs. The fame fault may be perceived in glafs, 
hen it contains fome earthy matter not fufccptible of the 
lion of fluxes, as verifiable earth is; fuch as, for inftance, 
oft metallic earths that are too much dcphlogirticatcd, 
irticularly the earth of tin. Accordingly, thefc earths 
e employed to make opakc or fcmi-tranfparent glafl'es, as 
lamel's, artificial opals, and other fuch ftones. Another 
mark may be made concerning the tranfparency of fome 
nds of glafs, that is dcftru&ible by a too long expofure 

violent heat. As* alj fluxes, phlogiftic or laline, are 
uch lefs fixed than vjtrifiable earth ; and as fome fluxes 
e lefs fixed than others, of lefs capable of becoming fixed 
f being mixed with verifiable' earth; the caufe therefore 

the Tofs of tranfparency which fome glailes fuffer by a 
o violent fire, is, that a part of their flux is difiipated, fo 
at thefe glafles are decomposed, and that they contain io 
uch earth that the flux is incapable of keeping them com- 
eatly fufed. I have obferved that glailes formed by a 
ixturc of argillaceous, and gypfeous or calcar’eous earths, 
c more liable than any others to this lofs of tranfparency. 
*t Alkali, Earth, Furnaces, and fever a l other ar ticks 
fating to vitrification. 

VITRIOL. This name is particularly applied to 
iree neutral vitriolic falts with metallic bafes. Thefc falts 
e, i. The combination of vitriolic acid with iron, called 
artial vitriol , EngUJh vitriol , green vitriol , or green copperas. 

. The fait refulting from the union of the fame acid with 
>ppcr, called vitriol of copper , blue vitriol , Cyprian vitriol , 
* blue copperas. 3. The fait compofed of vitriolic acid witli 
nc, called vitriol of zinc, white vitriol, white copperas, and 
ojlar vitriol . 

Wc have obferved under the articles vitriolic acid and falts , 
lat the name vitriol ought to be applied to all vitriolic falts 
ith metallic bafis. Thus, for inftancc, the fait compofed 
f vitriolic acid and gold may be called vitriol of gold ; and 
le fait formed by the union of this acid with lilver may be 
died vitriol of filver, or lunar vitriol. Perhaps all vitriolic 
ilts might be conveniently comprehended under the general 
ame vitriol. The properties of vitriolic falts are men- 
oned at the articles. Acid (Vitriolic), Alkalis, 
arth (Calcareous), Salts, Sellnites, Gypsum, 
labaster, Spar, Smelting of Ores, and of the feveral 
it alii c fubjl ance$. 
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UMBER, (c) 

VOLATIL1T Y. Volatility is a property that mn 
bodies have of being reduced into light vapors, which exh 
when they are expofed to the action of fire. This qual 
is oppoJ .ti to fi;. . / v. T he caufe of it is, the greater or 1 
dilutabihty which bodies have when expofed to fire. P 
haps every body is, rigoroally fpeaking, volatile: but 
there are feme the volatility of which can be only rendei 
fenfible by the action of a fire much more violent than a 
which we can produce, we confidcr thefc bodies as bei 
fixed, or not voiatie. Me Fire and Fixity . 

U id i N F. A- urine an oxm mentitious animal liqu< 
it contains only inch print hues as are u folds or hurtful 
the animal economy ; and i , accordingly found to be r 
thing but a lixivium of dnficrmt feline fubftances, whi 
cannot emcr into the compolition of an animal body, : 
gether with a quantity, not v ,r confiderable, of a fapoi 
ceou cxtrac.ii e, and very putrdixnt matter. In ur 
we find lit-ue of tire gd;:t:n ;x. , faldvanee rhitt is contair 
fo copioully in other animal iipuo.o mat are not excrem ( 
titious ; for this gehulnou:; fiiMhtr.cc, as we have faid urn 
the article Jill/, is the principal conftituent, nutriti 
and reparative pert of animal bodies, and could not the 
fore, without feme confid-. r.lde dealt or diferdrr in the anin 
economy, be n jutted w ith ar v cxcrem.entitious matt 
The urine of healthy annuals is therefore nothing bu 
ferous lalinc liquor, that nmv be entirely evaporated, wii 
out file wing any gelatinous matter. 

'J he frelh urine of healthy animals is tranfparcnt, a 
fomc thing yeliowifii or citrcn-colorcd, has a flight fmell, 
fid hie nauieoiis taue, and does not change the color of fyr 
of vie. lets to a red or to a green : but this liquor va: 
confider ■ably wh. n the animal economy* and especially i 
cligdiive organ', ;:;e mlluibeJ. Accordingly, phyfici: 
carelully cbicive the urine efi their patients ; but al thou 

(r) Umt5: p. Is a u.d’l f- I fhnee, fo called from Ombria , 
friceut n of the date by < ; f pole to in Italy, whence it > 
[\ ii Ixaxad. M. !e Barer, c!e hapll-1 h as difiovered it to b 
fir w» rd, fi’.ed witii a b*lumiuo»is juire. Berlin Mem, 1' 
M hi„ fi'. / ii-vO u. icaud in tv. o chTercn: fates, full, as retain! 
the firm <:f word, win* h i: urs preferved by means of a bitui 
noub matter that lies pievuitcd the rotting of the wood; < 
fecomily, as a [•owd.r, like mat into which the firit kind, t 
ihil returns the form of iiu wood, eaiily crumbles 
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r often receive much affiftance from fuch obfervation, 
a dangerous error that quacks lead many ignorant per- 
; into, to believe, that by the mere infpeclion of urine 
lifeafes may be difeovered. Phyficians, who have paired 
r lives in an attentive obfervation of the figns of difeafes, 
too fenlible of the infufficiency of every aid to decide 
ainly concerning the nature of many difeafes. But this 
&ion ought to be a motive to inquire into the various 
iges that urine undergoes in different ftates of the body, 
e accurately than has been hitherto done, efpecially as 
improvements daily made in chemiftry may give us 
es of throwing more and more light upon this and other 
rolling fubjedts. 

"he qualities of urine are very apt to vary confiderably, 
i without any very perceptible derangement of the animal 
lomy. For inftance, it is fometimes much morecopi- 4 
than at .other times. This difference of the quantity 
rine has been obferved to depend much on the quantity 
►erfpi ration and of fweat that have been exfuded at the 
e time; for the nature of thefe fluids is very fimilar to 
: of urine. Generally, when the urine is in fmall quan- 
, it is deeper colored : and reciprocally. 

"he urine of perfons affli&ed with hyflerical and melan- 
lical fpafms is frequently copious, limpid, and purely 
ery or ferous, without color or fmell. This urine is 
ed crude urine . The fame perfons do alfo frequently 
harge urine in fmall quantity, that is high-colored, that 
aflrong fmell, and that quickly becomes turbid when 
ofed to cold. We may obferve, that the fediment 
ch renders this urine turDid may be again redifTolved by 
•e frelh and warm urine, and is therefore of a faline na- 

✓ertain odoriferous fubftances, taken internally, as tur- 
tine, afparagus, and others, are well known to cona- 
nicate quickly their fmell to urine, even in perfect health : 

I have alfo teen perfons fubje& to pains of the head and 
tad digeftion, proceeding from a melancholic or hyfteri- 
temperament, who difeharged urine, in which I could 
lently perceive the fmell of coffee, fpices, onions, fruits, 
ts, and even of broth, and other aliments. The urine of 
(e perfons was habitually acid, reddened fyrup of violets 
1 blue paper, when it was recent, and efpecially after 
ing fruits and roots, or drinking even a very fmall quan- 
r of wine. 


From 
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From thefe two latter observations we may perceive, 
urine depends much on the ftate of digeftion, the f 
of which may therefore be difeovered by examining 
liquor. 

Urine is ftrongly difpofed to putrefaction. In te 
twelve hours, when the weather is warm, it acqui 
ftrong fmell ; and in great heats, this fmell may be perc< 
in five or fix hours. The beginning of the putrefa< 
of this liquor may be perceived by a putrid, difagree 
but not pungent fmell. The fmell afterwards bee 
pungent, and difeovers a volatile alkali, which is very 
pioufly difengaged in the putrefa&ion of this liquor, 
though the difagreeable fmell that is perceived at fij 
urine beginning to putrefy has not the pungency of vo! 
alkali, it neverthelels feems to be produced by this fait 
by mixing any acid with urine in this ftate, its fetid i 
is immediately deftroyed. By the fame means alfo 
fmell of veffels in which urine has been contained m2 
deftroyed. On the contrary, by mixing fome fixed 2 
or quicklime with frefh urine, a pungent fmell of vo 
alkali and of putrid urine is inftantly produced. As 1 
-fhort a time no real putrefa&ion can happen, we mui 
tribute the difeharge of volatile alkali in this experime 
a decompofuion of a fal ammoniac, which is contain* 
the frefheft urine, as we fhall foon fhew. 

If the frefh urine of a healthy perfon be diftilled in 
veflels, nothing is obtained from it with the heat of be 
water, but a pure phlegm with a /lightly naufeous f 
This phlegm is generally J- parts or more of the whole u 
but the quantity of this and of the other principles of 
arc very various. 

As nothing but phlegm is feparated at firft in this dil 
tion, when therefore urine is to be analyfed, the oper 
may be accelerated And fimplified by evaporating it ovc 
fire in an open veffel. We may then obferve, that 1 
the phlegm of the urine is evaporated, the remaining li 
becomes turbid, and depofites a certain quantity of rr 
which is almoft entirely earthy. The quantity of 
earth varies alfo according to the nature of the urine 
deferves a particular examination. The obfervatior 
Mr. Heriffant, Phyftcian of the Faculty of Paris, and A 
ber of the Academy of Sciences, concerning the urii 
fcvcral perfons afflidted with difeafes in which the bones 
aftedied and wafted. See Alemoirs of the Academy for tk 
17585 and thofe alfo of Mr. Morand, of the fame Fac 
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id Member of the fame Academy, concerning the urine of 
woman whofe bones were entirely foftened by the lofs of 
eir earthy matter, which was found to contains canfider- 
>le quantity of earthy fediment ; (hew, that the earthy 
diment of urine, which is firft depofited by evaporation, 
partly at leaft of the fame kind as the earth of bones ; 
id that in a healthy ftate, nature throws off, by the urinary 
iflages all the earthy matter that is not required for the 
icreafe or reparation of the bones. This earthy fediment 
Dpears alfo in putrid urine. 

While the urine evaporates, the remaining part of it 
:quire$ a more and more deep brown color, by the approx i- 
ation of the faponaceous extractive parts which it con- 
ins. When, by evaporation, it has acquired the con- 
Itence of ? clear fyrup, or of frefh cream of milk, it ought 
• be put in a cool place, that the feveral neutral falts which 
contains may be cryftallized. The firft cryftals that are 
btained are a particular kind of fait known to chemifts by 4 
le names, native or effential fait of urine , fufible fait of urine , 
hofpboric fait, and microcofmic fait . This fait contains the 
:id proper for making phofphorus. Some part of this fait 
as a bafis of volatile alkali, and is therefore a kind of am- 
loniacal fait ; and the reft has a bafis of fixed alkali. See 
alt (Fusible) of Urine, and Phosphorus of ICunc- 
el. When the urine contains any falts that are more 
yftallizable or lefs foluble than the fufible fait, as it fre- 
uently does, fuch as felenites, vitriolated tartar, and 
diets, thefe are firft cryftallized, efpecially if they be in 
mfiderable quantity. See Crystallization. 

By alternately evaporating and cooling the liquor, the 
ther lefs cryftallizable falts, fuch as common fait, a great 
uantity of which urine generally contains, may be lepa- 
ited. In the urine of different animals all the neutral falts 
re generally found which they have taken, either along 
nth their aliments or otherwise; becaufe thefe falts, hot 
eing ufeful in the compofition of animal matters, after* 
aving circulated fome time in the blood veflels, are carried 
ff, unchanged, along with the urine. 

After all the neutral falts have been obtained from urine, 
otfiing remains but a brown, faponaceous, extractive matter, 
rhich forms a kind of mother-water. This matter yields, 
rith a naked and graduated fire, a confiderable quantity of 
olatile alkali, both fluid and concrete, together with fome 
etid animal oil. With the utmoft violence of fire, a fmall 
[uantity of phofphorus may alfo be obtained ; and a little 
■ common 


•WAND 

Common fait may be feparated from the refiduous coal. 1 
phofphorous is produced by a little fufible fait which 
.not feparated by cryftallization, but remained, toge 
with the above-mentioned fmall quantity of common 
diffolved in the liquor. 

From this analyfis of urine we may perceive, that 
compofed of a large portion of pure water, in which is 
.lolved a confiderable quantity of earthy matter, that fo 
the fediment of urine ; of two phofphoric falts, on< 
which is ammoniacal, and the other has a bafis of f 
alkali ; of common fait ; and, laflly, of a faline fapc 
ceous matter, which contains a combined oil. In urim 
gelatinous matter nor uncombined oil are found. 

Such is the flate of our prefent knowledge cona 
ing the nature and principles of urine. It certainlj 
capable of receiving much addition from future inquii 
by which medicine might be much improved - y but we m 
at the fame time, confefs, that we cannot receive all 
knowledge wc wifh upon this fubjedt without very long 
laborious operations. The moft important point to 
known is the compofition and proportions of the fev 
conftituent parts of urine : but, as wq have already 
marked, thefe are very variable, according to the Ihm 
.health or of ficknefs, to the differences of conftituti< 
.aliments, cxercifes, difeafes, medicines, and perhaps c 
jo the variations of the atmofphere. A knowledge of 
differences, of the urine in all thefe feveral circumuancc 
very important, but can only be acquired by a long 
zealous obfervatiori of thofe phyficians who are inffu« 
in the feveral fc knees relative to their profeflion. 


W AND (DIVINING). The divining wand 
an inftrument, by means of which many perl 
'have formerly pretended, and fome do now pretend, to 
cover under what parts of the earth metals, treafures, o 
water, fait, &c. lie hid, without digging the grou 
They fny, this difeovery may be made by a perfon hold 
the wand horizontally, and by walking along in pi. 
where thefe matters are expected ; and that when he 
rives at a place under which any of the above-mentio 
matters lie, the wand will be forcibly inclined towards i 

pi- 
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place : but that this experiment Ihould ftfccefecT, Vrtaelt* 
faith feems to be required in the perfon who holds the wand* 
or rather in the fpe&ators. We may eafily perceive, that' 
Ae power of this wand is a chimera, which owes its repu- 
tation to avarice, to ignorance, and to credulity. ‘ / 

The famous Father Kircher, in his Munctus Subterra 
am, in which many interefting particulars are found con- 
cerning mines, juftly derides thefe fuperftitious practices,* 
and denies, from his <&vn experience^ the truth of the af- 
fertions concerning them. He feems, however, to have 
iome faith in fympathies, and propofes even new divining* 
wands of his own invention ; the effefts of which, though 
more dependant on phylical caufes, are not however more 
certain. He believes, for inftance, that a wand, one end 
of which Ihould be made of fal gem, and the other of 
Wood, being fufpended and balanced above a mine of fait, 
would be inclined towards the ground ; and he fupports hh- 
opinion by an experiment. This experiment confifts in 
evaporating over the fire a folution of fal gem i below the 
wand, which is by this mean$ really made to incline* We 
need not be deeply learned in chemiftry to dircoVer, that 
the wand would have inclined in the fame manned, if Father 
Kircher had evaporated pure water inflead of a iolution o# 
fal gem ; bechufe the water jVould have equally well at- 
tached itfelf to the falih£ end of the wand ; confeq uently* 
this experiment provfes nothing. : 

The fame author propofes alfo to difeover thiries of mer^ 
cury by employing a wand, one end of which’ is rrfadc of 
gold, and the other of wood,* inrHope^ that thee emlmati’owsr 
of the mercury would attach themftflves to the gold rathed 
than to the wood, and would mate-' it : incline down- 
wards. But this certainly cannot be ptodU£ed uiflefe’ 
the mercury was evaporating,* for whictTpurpofe two coim 
iitions are neceflary : 'i. The mercury rriuft bfc *fi<h native 
Metallic fhte, arid hot mineral! fed,’ as it is •+ 3trd, f 

2. It mull alfobe expofedto the heat of feme febfefrantaa 
fire, by which it is volat^lifed and fublimed, the ordinary heat 
of the earth being far r too little for this purpot^. This 
fecond phyfical or chemicaf divining wand propofed by ; Fa3 
ther Kircher is therefore ao\ better than t lie- former; and 
probably the, fame judgment tnay be part, upon YH otheP 
wands made upon tie fagi§, principles, and in imitation of. 
thefe. Laftly % ’th«Tartjpjjt\itte)r ppfitively aSirpis^ that jiei 
hung- and-*baiatodad h.waujfdf .one -half of which 
of *ldcr-tree, and the other .half* of Topic wood^ftt )*as no 
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fympathy with water, over a fubterranean water, and t 
he obferved the end of the wand, which was made of aid 
incline towards the earth. 

WATER. Water perfe&ly pure, (for of fuch o 
we treat in this article) is a tranfparent body, with' 
color, without fmell, and without tafte. 

Water is very volatile, and fo very fuflble, that it 
conftantly liquid witty a lefs degree of heat than is requi 
for vegetation : hence it is generally tonfidered as a liqu 
But when it is expofed to a lefs degree of heat, it becoc 
folid, like all other bodies naturally folid, which refu 
their folidity when they are no longer expofed to ah 
fufficient to keep them in fufion. 

When water, that is expofed to a degree of cold fu 
cient to render it folid, pafles from a fluid to a folid fh 
this change is called the congelation or freezing of wat 
and the water thus rendered folid is called ice . 

When water is frozen with all the circumftances neceffi 
for the free arrangement of the integrant particles of bod 
(which circumftances are explained under the article Cr 
stallization), it aflumes determinate and regular fbrr 
M. de Mairan, in his excellent Treatifc on Ice, has det 
tnined, that thefe regularly formed mafles of frozen wa 
are like needles crofling each other, or rather infixed ii 
each other, fo as always to form two angles, one of whi 
is equal to fixty degrees, and the other equal to a hrundj 
and twenty degrees. 

This regularity in the congelation or cryftallization 
water (hews, that it i6 a body not much compounded. I 
fhall foon fee that it is one of the fimpleft of all known bodi 

Water is not compreflible. This truth is afcertain 
by a famous experiment, which conflfts in including wa 
in a hollow fphere of metal hermetically clofed, and in c 
pofing this fphere to a very ftrong cdmpreffion, by whi 
means the water is forced through the pores of this metal 
Ijphere rather than fuffer any compreffion. (f) 

(f) The validity of the inferences drawn from this expe 
meat, called the Florentine experiment , has been juftly que(Hon< 
An ingenious philofopher, Mr. Canton, hat proved, by expe 
ments (hewn to the Royal Society, that water is actually coi 
prefled by the weight o t the atmoiphere. The diminution of £ 
that water fuffers when it pafles from a greater to a lefs degree 
heat, till it begins to freeze, fuffidemly (hews, that the ini 
grant parts of this fluid are, like thofc of all other known fu 
ftances, capable of approximation. 
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The fpecific gravity of water, compared with that of air, 
in a temperature intermediate betwixt the greateft fummer 
heats and the greateft cold of winter, has been determined 
by the beft experimental philofophers to be nearly as 850 
lo x ; that is to fay, that any given bulk of water is 85a 
times heavier than an equal bulk of air. 

We have faid above, that water is a very volatile body. It 
is entirely reduced into vapors and diffipated, when it is 
expofed to the fire, and is not confined. 

When water is heated in an open veiTel, and is uncon- 
fined, it has been obfervcd to acquire no more than a cer- 
tain determinate degree of heat, whatever be the intenfity 
«f the fire to which it is expofed ; which greateft degree of 
heat is that which it has when it boils quickly. This de- 
gree of heat, and alfo that degree at which water begins to 
freeze, are fixed and determinate, and are therefore very 
ttfeful in many chemical and phyfical experiments. By 
means of thefe fixed points of heat, we have been enabled 
to conftru& thermometers, which may always be compared 
one with another $ and we have alfo been enabled to apply 
precife and determinate degrees of heat, which are necefia- 
17 in many chemical operations. Bath ( W ater). 

Some philofophers have faid, that the property which 
water and fome other bodies have, of acquiring only a de- 
terminate degree of heat, proceeds from the rarefa&ion 
dufed by this degree of heat, by which means the fire 

f mctrates them freely and without any refiftance. Sn 
ire. But this opinion is erroneous. The caufe of this 
phenomenon evidently is, that water being volatile, is 
reduced into vapors which, are conftantly exhaled and re- 
moved from the nre, the afltion of which they elude as fooi* 
as they fuffer a certain degree of heat, as may be proved by 
the following confiderations. 

Firft, none but volatile bodies have this property j bo- 
dies abfolutely fixed being capable of acquiring inde- 
finite degrees of heat : hence the more volatile a body is, 
the lefs heat it can require, and reciprocally ; or, to lpeak 
geometrically, the degrees of heat which bodies expofed 
to the a&ton of fire, and unconfined, .can acquire, are 
inverfely as their volatility, and confequently dire&ly as 
their fixity. 

Secondly, when water and all volatile bodies are expofed 
to the action of fire, and fo confined that they cannot free- 
ly evaporate or elude that a&ion, they are then capable of 
acquiring a degree of heat that is much more confiderable. 
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k indeterminate, or rather proportionable to Hie force 1 
which they are confined, and prevented from evaporai 
We have an obvious example of this in the effed 
Papin's Digejier. Water being > confined in this veff 
that it cannot evaporate, is capable of acquiring a de 
* of heat much greater than that With which it boils in < 
air, and even fufficient to make it red-hot. 

‘ • Befides, it has been obferved, that the mere variatio 
the weight of the atmofphere makes a greater degre< 
-heat to be requHite for the boiling of water in open vel 
at fometimes than at others : for the heavier the ai 
the greater heat is required to make it boil. 

• M. Paerner obferves, in his notes to the German edi 
of this Dictionary, that the degree of heat which be 
are capable of receiving, is relative to their particular 
tirre, according as it partakes more or lefs of the infl 
finable principle ; and he cites, as an inftance, the eflei 
oil of turpentine, which, although it be more volatile i 
water, is neverthelefs, according to him, capable of 
ceiving, by boiling in open veflels, a greater degree of J 
than that of boiling water. From thence we ought to c 
elude, that the determinate degree of heat which bo 
cart receive, when expofed to heat in open veflels, is 
proportionate to their volatility or fixity. In anfwer toi 
I obferve, that I much queftion the truth of the ailed 
Experiment, .which, however, I have not made, and wl 
Is not very eafy to make on account of the inflami 
bility of the oil of turpentine, and of the infupport; 
and dangerous vapors which are exhaled, when a fuffic 
quantity of this and other effential oils are heated t 
certain degree in open veflels. I therefore doubt mu 
whether the experiment has been made with due care ; 
attention, and 1 cannot but confider it as falfe, becauf 
is contrary not only to theory, but alfo to all the analog 
experiments which have been made on this fubjedt. 

It is true, that all bodies expofed to the fame heat, 
not with equal eafe, and in the fame time, become eqt u 
hot. Several good philofophers, as Dr. Franklin and 
Buffbn, .have proved, that metals are more quickly hea 
than ftones. The difpofltkm to receive heat quickly fet 
to be a property of fubftances which contain the princi 
of inflammability. Franklin therefore confiders thefe fi 
fiances as conductors of heat ; and the oil of turpenti 
like other inflammable matters, ought to reccivce heat a 
fuickfyt than liquors which do not contain the inflamma 
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principle. But we ought not thence to infer, that it can 
receive mart beat. The property of receiving much heat, 
and that of receiving it quickly are very different; but 
M. Pserner feems not to have attended to this diftindion. 
Thus mercury becomes hot more quickly than fand, but is 
not capable of receiving fo much heat. 

Upon this fi|bjeft we muff obferve, that when water, or 
other volatile bodies, are thus expofed to a greater degree of 
heat than is fuited to their volatility, they are in a violent 
ftate ; and are therefore apt to break any veffels that con- 
fine them, with an explofion fo much more violent, as they 
are more ftrongly compreffed, and are expofed to a more 
violent and more fuddenly applied heat. 

Hence we may conceive why water expofed to heat, too 
fuddenly to allow it to evaporate, gradually occafions ter- 
rible explofions; as, for inftance, when water is thrown 
upon very hot oil, or when a melted and red-hot metal is 
poured into a moift veffel. 

We ought to obferve upon the fubjeft of thefe explofions, 
that they only happen when the volatile bodies are in an ag- 
gregate ftate, or are combined with other volatile bodies ; for 
the moft volatile fubftances, when combined with fixed 
bodies, may be expofed to the moft violent heat without 
producing thefe effefts. Thus water, when combined 
with quicklime, with fixed alkali, and other falts, may 
be fuddenly expofed to a red-heat without danger of explo- 
fion. 

Water feems to be unalterable and indeftru&ible : at leaft, 
no experiment is hitherto known, from which we may infer 
that water may be decompofed. With whatever fubftances 
it may be combined, when feparatcd from thefe and fuffi- 
ciently purified, it is always found to be the fame as before. 
When it is diftilled fingly, or mixed with forne other fub- 
ftance, its nature and effential properties ftill remain un- 
changed. 

Some philofophers, as Boyle, and efpecially Mr. Mar- 
graaf, having very frequently diftilled the fame water, 
obtained at each operation a fmall portion of earth ; but 
the water which was diftilled remained always effentially the 
fame. The fmall quantity of earth feparated from the water 
ought to be confidered as extraneous to it. M. Lav'oifier 
has ascertained this important fa& by a feries of accurate 
experiments which are related in a Memoir prefented to the 
Academy of Sciences. He obtained at each diftillation a 
finall quantity of earth ; but he found that it came from the 
Vol. HI. T veffels, 
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Ycflels, afc appeared upon examining the^weig Jit of thefc 
fore and after the operations* 

The famous experiment of Van Helmont, which 
fince his time been more carefully repeated by others, 
which confifts in making trees and plants grow mereb 
means of water, does not prove, as fome have fuppofed, 
pure water is convertible into earth, Tales, oil, and 
other principles of vegetables ; becaufe water not ' 
contains a fmall quantity of earth mixed with it, but 
the air alone is the vehicle of a confiderable quantit 
thefe principles, or of fuch as are capable of producing ti 
W ater therefore appears to be a body fimple and una 
able : at lead chemifts, not having any means of decoa 
iing it, may confider it as fuch. They have accordi 
clafled it amongft the elemtnts or primary principles. 
Elements and Principles. 

Many experiments and chemical analyfes (hew, 
water enters as a principle in the combination of manyc 
pound bodies, fuch as all faline and oily fubftances (See S 
and Oil) ; and confequently that it is a part of all v 
table and animal matters, and of all the faline part 
minerals. Several ftones even, in which no (aline m 
appears, as calcareous ftones, contain a certain quantii 
water, which feems to be in a ftate of combination. 
Earth (Calcareous) and Quicklime. But hit! 
no experiment (hews, that water enters as a principle 
the combination of metallic matters , or even into tha 
vitrcfcible Jlones. See thefe words . 

W ater diflolves many bodies. It feeim to be capab 
diflolving a certain quantity of air\ for all natural v 
being placed under an exhaufted receiver emits many 
bubbles ; and, according to Mr. Mufchenbroek, the v 
from which air has been thus fepor^ted, is capable oi 
fuming the fame quantity of air.; that is to fay, if a ( 
quantity of air be introduced into this water, it will 
form a bubble, as it would with water already fatui 
with air, but incorporates with the water, and entirely 
appears. But this efteft is much more fenfible with n 
kinds of gas, which have till lately been confounded 
air. The gas which is expelled by the effervefeem 
acids and alkalis is one of thofe with which water chi 
itfclf in greateft quantity. See Waters (Mineral) 

Cj AS. 

Water feems alfo capable of diflolving a fmall quanti 
calcareous earth ; for the mod limpid, clear water b 
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drilled, always depofites fome part of this earth. Sortie 
very limpid fpring waters contain fo much calcareous earth, 
that they depofit a fediment which encrufts any bodies that 
happen to be immerfed in them. Thefe waters become 
thus impregnated by flowing through large quantities of 
calcareous earth, ouch are the waters of D’Arcueil near 
Paris, and all thofe which form incruftations, petrefa&ions, 
and ftala&ites. But it is probable that this fmall portion 
of calcareous earth is diflblved in the water merely by means 
of the gas contained in this liquid. 

Metallic matters , excepting the perfect metals, are acted 
upon by water, but efpecially by the vapor of water, toge- 
ther with the concurrence of air. It converts their fqrfaces 
into ruft. 

But, of all known bodies, faline fubjlances are mofl eafily 
and copioufly foluble in water. A ftrong affinity is obfer- 
vaWe between this element and all faline fubftances ; fo that 
we may fay in general, that all falts are foluble in water ; 
that every body truly foluble in water is of a faline nature ; 
and that no other body can be difTolved in water but by 
means of a faline fubftance. See Salts. 

Spirit of wine, and all ardent fpirits of the fame kind, 
may be diflblved in water in all proportions. See Spirit 
(Ardent}. 

The Jpiritus reftor of vegetable and animal fubftances, 
and moft of the very thin and very volatile fluids, called gas, 
are foluble in water. See thefe words . 

Ethereal liquors, as vitriolic, nitrous, marine, and acetous 
fibers , are foluble in water, but only in certain proportions. 
See Ether. 

Water diflolves the moft fubtle and volatile part of any 
fils, as Mr. Beaume has obferved. See Oils. 

Compounds, formed of any oily matters united with faline 
matters (to which compounds we ought to give the general 
mane of foap, or Japonaceous fubjlance) are foluble in water, 
foznuch more eaulyand copioufly as their faline principle is 
in greater quantity, and more difengaged or unfolded. Se$ 
Soap. 

Laftly, water is the proper folvent of ill mucilaginous, 
gummy, and gelatinous matters ; which matters are compofed 
of faline, oily, and earthy principles. See Gum. 

We may eafily perceive from what has been faid concern- 
ing the properties of water, that it fltiuft be very ufeful in 
many chemical operations : but as it diflolves fo many 

T a bodies. 
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bodies, and probably even all bodies, it can feldom be f 
naturally free from heterogeneous matter, or perfectly ] 
The waters of rivers and of fp rings, however limpid 
may be, always contain a certain quantity of earth, v 
is in the intermediate (late above-mentioned, betwe 
fimple interpofition of parts, and a true folution, c 
means of fome gas. The beft waters of this kind are 
which flow through lands, gritt-llone, and other vitri 
matters-, bccaufe vitrifiable earth is lcaft capable of 1 
attacked by water. 

The waters of many fprin^s and rivers contain me 
lefs of a gypleous or feienitic fubftance really diflol ved 
as water is capable of diflolving thefe matters, and 
flows through grounds containing them, it muft di(T< 
certain quantity of them, and even as much as fati 
it. Waters impregnated with felcnites are unfit for 
mical operations, lor being drank, for diflolving foa 
for boiling leguminous vegetables. They are a kii 
mineral waters^ and arc called crude or hard waters . 
thefe leads. 

Rain or fnow waters, properly collected, that is, i 
ftermy weather, after it has’ already rained or fnowed 
time, in open air, and far from the habitations of mei 
received in earthen-ware vcffels, are the beft and the 
of all native waters. They are fufficiently pure for 
chemical operations, becaufe they have been purified 
kind of natural did illation : but for greater exa&nefs 
bccaufe thefe waters are not always procurable, di 
water is generally employed in chemical operations 
Water (Distilled), (g) 

WA* 

(g) Native water is feldom, if ever, found perfeflly 
The waters that flow within, or upon the furface of the 
contain various earthy, faline, metallic, vegetable or anim; 
tides, according to the fubllanccs over or through whicl 
pafs. Rain and fnow waters are much purer than thofe, 
.they alfo contain whatever floats in the air, or has been e 
aicug with the watery vapors. Mr. Margraafhas very acci 
analysed, by gentle diilillation, fome clear rain and fnow 
that he had very carefully collc&cd in glafs vcflels. The 
refiduums obtained by diftilling a hundred meafures of rain- 
each of which contained thirty-fix ounces, he dillilled am 
porated, till no more remained than fix or eight ounces of 
whijr yyas very tuf bid. From this remainder he obtain 
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WATERS (AROMATIC). Thofe are called 
aromatic waters that are impregnated by diftillation wrtk 

the 

titration, a hundred grains of a yellowilh-white calcareou 
earth ; and the filtrated liquor Hill contained fome earthy par- 
ticles fufpended in it. Upon adding fome drops of a folution of 
fait of tartar to this filtrated liquor, he obtained by evaporation a 
few grains of cryfials, which had the appearance of nitre and 
common fait. From thefe cryfials he inferred, that the rain- 
water contained a fmall portion of nitrous and marine acids ; and 
from the color of the cryfials, which was brownifh, he concludes 
that it alfo contained fome oil and vifeous particles. He further 
proved the prefence of marine acid in rain-water by adding acoh- 
centrated refiduum of difiilled rain to folutions of filver, mercury, 
and lead in nitrous acid; from all which folutions, precipitates 
were thereby formed. He difeovered the earthy, faline, mucila- 
ginous and oily principles by expofing rain-water to the rays of 
the fun, during fome months in a glafs-veflel ; covered fo as to 
exclude the dull, but not air ; by which means, the water under- 
went a kind of fermentation or putrefaction, and a grecnilh (lime 
was formed on the Tides and bottom of the containing veflel. 
This fermentation, he found, could not be excited, by treating 
in the fame manner the rain-water that had patted over in the 
difiillauon made in order to procure the above-mentioned refi- 
duums. 

M. Margraaf having treated a hundred meafuresof /now-water 
in the fame manner as he had done the rain-water, obtained 
fixty grains of a fimilar white calcareous earth, together with the 
fame faline, mucilaginous and oily principles, but obferved 
that the rain-water contained a larger proportion of the nitrous 
acid, and the fnow- water more of the marine acid. Upon a 
farther examination of the calcareous earths obtained from rain 
and fnow, he difeovered that they contained a ferruginous 
matter. 

The purity of water may be known by the following marks or 
properties of pare water. 

1. Pure water is lighter than water that is not pure; for not 
only the fubftances ufuaJly ditfolved in water, are heavier than 
water, but alfo the fpecific gravity of a folution of any of thefe 
fubftances in water, is generally greater than the intermediate 
fpecific gravity of the water and of that fubftance. 

2. Pure water is more fluid than water that is not pure : 
hence it is faid to occafion a louder found when poured from on? 
veflel into another. 

3. It has no color, fmell, or talle. 

4. It wets more eafily than the waters containing metallic and 
earthy falts, called bard waters , and feels {bfter when touched. 

T 3 J. Soap* 
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WATER: 

the fpiritus re£lor, or odoriferous principle of aroim 
matters. See Waters (Distilled). 

WAT! 


Soap, or a folution of fonp in fpirit of wine, mixes ea 
and perfectly with it. 

6. It is not rendered turbid by adding to it a folution of g 
in aqua regia, or a folution of fi tver, or of lead, or of mere 
in nitrous acid, or a folution of fugar of lead in water. 

Boerhaave, the author of this Dictionary, and other chem 
maintain, that pure water is unalterable ; and others, as 8 
chius, Boyle, Wallerius, that it may be decompofcd or refo] 
into other principles, efjjecialiy into earth. 

Eoyle relates, that one ounce of water, diddled careful! 
glafs-veflcls two hundred times, yielded fix drams of a wh 
light, infipid earth, fixed in the fire, and indifiblubie in wa 
Boerhaave attributed the earth obtained by diilillation of watc 
dull floating in laboratories. Other chemifts have made exf 
ments to ascertain the truth of that of Mr. Boyle. Lieden 
found, that when pure diftillcd water is diflipated or evapor; 
by throwing it into a red-hot iron fpoon, he always obta 
-a quantity of earth. Wallerius obtained a fcruple and a hal 
fine white earth by triturating during two hours a dran 
diftilled water. This earth, he lays, is foluble in acid* 
convertible into a hard mafs by a red-heat, which mal 
unfoluble by acids, and is verifiable into a white tranfpa 
glafs by a more violent heat. He found alfo, that a la 
quantity of earth is depofited from boiling water with a fin 
than with a gentle fire. See the Swedljb Memoirs for the 
1760. Mr. Margraaf has made experiments with his accuflo 
accuracy, from which it appears, that by diftillation, and 
by evaporation with the heat of the fun, of rain water, 
purity of which had been previoufly afeertained by thir 
diltillations, he obtained a white, light, fhining earth, 
earth could not be vitrified ‘with the heat requifite for the fi 
of ordinary glafs ; but by a more violent and longer conti 
fire it was melted into a y el low-grey ifh mafs. He found, 
about half of this earth was foluble in nitrous acid, and tha 
other half was not fufible by fire ; but that, by additio 
half its quantity of fait of tartar, it was convertible into a ti 
parent glafs. The part of the earth that was diflolved in nil 
acid was afterwards precipitated from that acid by vitriolic ; 
with which it formed a felenites ; and hence Mr. Margraaf in 
that it is a true calcareous earth. He does not determine 
clafs of earths to which the unfoluble part of the earth thui 
tained by diftilling water ought to be referred. Mr. Mari 
©bferves, that earth is more copioufly depofited from \ 
boiling with a llrong than with a gentle heat. The quanti 
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TER (DISTILLED). Moft natural waters 
fome heterogeneous fubftaiides that render them im- 
pure 5 


t he obtained, in one experiment, from feventy-two 
f diftilled water, by twelve diHillations, was nine or ten 


roiiier however maintains, as is mentioned in the text, 
?arth thus obtained by diHilling water proceeds from the 
iployed. 

irgraaf proved the exigence of earth in water by another 
at. He put two ounces of diftilled water into a glafs 
inches high, and from one to two inches in diameter, 
i the mouth with a fmooth glafs Hopper. After the 
i been agitated up and down in this tube eight days, it 
rved to be turbid, and upon continuing the agitation 
ys longer, he obferved diitindlly, efpecially upon ex- 
e tube to the rays of the fun, particles of earth floating 
ter.- 


is article we (hall fubjoin three Tables of different 
fhewing what quantity of each fait is foluble in a given 
of water; and alfo an account of fome experiments made 
llor, to fhew how much of certain falts may be diffolved 
quantities of water faturatedprrevloufly with other falts. 
blowing Table (hews the quantities of the faline fub- 
,at could be diffolved io an ounce of water, with the heat 
Fahrenheit’s fcale, acco rdin g to experiments made by 
man. Infiit* Cbemia , p. 48. 

Grain f 


iata tartari 
dlirz 


It 

irtar 
1 fait * 
;riol 



da. . 


rniac 

fait 

rlauber . 

orraine 

flviys 
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3H 

324 

240 

212 

210 

200 
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170 
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ngn^tte — 137 
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trio! — ■ 80 
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pure ; and as water exceedingly pure is required for ; 
chemical operations, it muft be therefore purified for 

pui 

Sublimate mercury ■ — 

Borax 
Alum 

Volatile fait of 
Arfenic 
Crude tartar 
Cream of tarts 




WATER 

purposes by diftillation. Water may be diftilled in the fol- 
lowing manner : 


Sal ammoniac, — 
Volatile fal ammoniac. 
Potato, — — 

Blue vitriol, — 

Parc nitre, - ■ ■ — 

Sal prunell. 

Soluble tartar, — 

Alum, ■ 

Sal polychrefi. 

Arcanum duplicatum, 
Vitriolated tartar. 
Sugar of milk, — 

Sugar of lead. 

Emetic tartar. 

Borax, — 

Salt of forrel. 

White tartar, — 

Cryftals of tartar. 



dr. 2 * 
dr. 2. 
dr. 2. 
dr. 2 . 

dr. i. gr. to. 
dr. i. 
dr. i. 
fcr. 2 ij- 
fcr. 2. , 
dr. { 
dr. 4 *. 
fcr. i . 
fcr. i. 
fcr. i. 

g r - '5- 
gr. io. 

g 1 *- 5- 
g r -S- 


Water, when faturated with one fait, is capable of diflolvinc; 
a coniiderable portion of another fait ; and when faturated with 
this alfo, it may Bill diffolve a third, a fourth, or more falts. 
Thus, according to Neuman, four ounces of water, that have 
been faturated with a dram and a few grains of alum, will Bill 
diffolve five drams of nitre, then half an ounce of green vitriol , 
fix drama of common fait, three drams of foluble tartar, and five 
drams of fugar. In the fame manner alfo, four ounces of water 
iiuorated with half an ounce of nitre, will diffolve half an ounce 
of white vitriol, "fix drams of common fait, fix drams of fal 
ammoniac, half an ounce of ioluble tartar, and after ail thefe, an 
entire ounce of fugar. 

Mr. Eller has publifhed an account of the following experiments 
concerning the rotations of different falts in the fame water. See 
Mem. of too Acad . of Berlin for the year 1750 . 

In each experiment he employed eight ounces of diftilled wafer. 
He ftmnd that this quantity of water, when faturated 

With four ounces of nitre , difTolved one ounce, five drams of 
fixed alkali, and half an ounce of common fait : 

With three ounces , one dram, and one fcruple of common fait, dif- 
folved three drams of nitre, and five drams of fixed alkali : 

With thru ounces and dbalf of foffil fait, difTolved half an ounce 
of nitre: 

With half an ounce of cream of tartar , difTolved half an ounce of 
Sfdfiu fait, and half an ounce of fixed alkali : 

With 
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The pureft natural water that can be procured, as 
water of rain or of fnow, or of fprings and rivers that : 
over fands, and are very limpid, is to be put into a v 
tinned copper alembic, which muft be very clean, or wl 
is only employed for this purpofe, and the diftillation i 
be promoted with a gentle fire. 4 

The firft portion of water that pafTes into the rece 
ought to be thrown away, becaufe it wafhes the alen 
and receiver, and becaufe if the water contained accident 
any volatile heterogeneous matters, thefe will rife with 
firft portion of diftilled water. 

The diftillation is to be difcontinued, when two-third 
water have nearly pafled, becaufe what remains in the alem 
is loaded with a larger proportion of heterogeneous I 
ftances, fome of which the water might raife along wit 
in diftillation. See Distillation. 

Diftilled water ought to be put into very clean boti 
and flopped with glafs floppies. 

Water is known to have been fufficiently purified 
diftillation, when it does not change the color of the t 
tures of violets, or of turnfol, and when its limpidity is 

With an ounce and a half of vitriolattd tartar , diflblved hal 
ounce of fixed alkali ; 

With three ounces and a half of Qlamher’s fait , diflblved 
drams of nitre, and as much fugar. 

With four ounces of foluhle tartar , diflblved half an ounc 
pure nitre. 

With four ounces of Ef/om fait , diflblved half an ounce of 
fugar. 

With two ounces and a half of fed anmonioc , diflblved Eve di 
offoffiifalt. 

With an ounce and a half of volatile fait of bart/bom , dUTo 
an ounce of nitre and half an ounce of fugar. 

With four drams and two fcruples of borax, diflblved hal 
ounce of fixed alkali. 

With two ounces and a half of abtm, diflblved fix drama of c 
pion fait, and one dram of £pfom fait : 

With nine ounces and a half of green vitriol, diflblved an 01 
and a half of Sedlitz fait, two drama of nitre, and three ounc< 
* refined fugar : 

With nine ounces of blue vitriol \ diflblved an ounce of nitre, tl 
drams of common fait, and an ounce of fugar: 

With four ounces and a half of wbru vitriol, diflblved 
ounce pf refined fugar. .. . . 
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butt by adding to it folutions of mercury or of filver in 
nitrous acid. 

WATERS (DISTILLED). The dijti lie d waters 
if plants y or of other matttrsy are prepared by diftilling wa- 
ter from thefe fubftances, and are thus impregnated with 
fuch principles as may be raifed by diftiilation, with the 
heat of boiling water. 

If the plants thus expofed to diftiilation with water, ma- 
nifeftly contain volatile principles, as all thofe do which 
have a diftinguifhing fmell, we cannot doubt that their 
diftilled water mutt be impregnated with their odoriferous 
principle, or of fpiritus re&or. Thefe waters are called 
aromatic waters. See Spiritus Rector. 

The water that is ufed in the diftiilation of all eflentia! 
oils is found much impregnated with the odoriferous prin- 
ciples_of the aromatic plants employed ; aftd confequently it 
is a good diftilled water of thefe plants. 

An opinion feems to have formerly prevailed, that even 
the plants called inodorous , might impregnate water with 
feme of their principles by diftiilation \ for fuch diftilled 
waters are preferibed in many difpenfatories. , But lately, 
thefe diftilled waters have been negle&cd* and are even con- 
fidered only as common water. This latter kind of diftilled 
water is fenfibly lefs impregnated with principles than the 
former. But are we certain that they contain nothing of 
the principles of the plant ? Are thofe plants, whofe fmell 
is not very perceptible, entirely deftitute of all odoriferous 
principle? Could not a perfon whofe fenfe of fmell was 
very acute and much exercifed, diftinguifti plantain and 
other herbs commonly called inodorous, from each other 
by fmell, efpecially if they were previoufly cut and 
bruifed ? 

We may alfo obferve, that the manner commonly ei rw 
ployed for diftilling fuch waters is not well adapted to pro- 
cure all the peculiar fmell and qualities of the plants em- 
ployed, The plants are generally put into an alembic, and 
overwhelmed with a large quantity of common water. The 
diftiilation is then promoted $ the water is made to boil 
quickly $ and the veflels are feldom even luted. What can 
beexpefted from this bad management, but that the fpiritus 
teftor of thefe plants that is in very fmall quantity, and per- 
haps exceedingly volatile and fugacious, mould be entirely 
diffipated ? or if any of it remains in the water, that it 
Should be difguifed and covered by the empyreumatic lmell 
&at all tbefe waters have when uewly diftilled, or by the 

fmell 


Digitized by t^ooQle 



WATER 

fmell which they acquire by time, fo that they canno 
diftinguiftied from each other? 

But if we follow exaftly the excellent method diredc 
the Paris Difpenfatory ; or if we improve upon this by put 
the herbs recent, cut, and bruifed, into an alembic pi; 
in a water-bath, without adding water to them, an<3 
did il ling to drynefs, with a very gentle heat and well 1 
veflels ; and if we then find that the fmall quantity of w 
thus diftilled from plants, called inodorous, has no fmell 
tafte, and gives all the chemical proofs of pure water, 
may then juftly confider thefe waters as deftitute of an 
the principles and virtues of the plants employed. 

Waters called fimply diftilled waters , are underftood t< 
thofe that arc prepared with common water. But as f] 
of wine is alfo frequently impregnated with the odorife 
principle of plants and other fubftances by diftillation, 
as thefe alfo have been called water r, they ought to be dil 
guifhed by the name, aromatic fpirituous waters. Such 
the fprituous water of Lavender , the fpirituous water of th 
&c. Thefe fpirituous waters are alfo fometimes c; 
fpiritSy as fpirit of thyme , fpirit of citrons , &c. 

Aromatic fpirituous waters are impregnated with 
fmell of one fubftance only, or of feveral fubftances. 
former are called fimple , and the latter compound. 

Many of thefe waters are prepared for the ufes of m 
cine, of the toilette, and of the table. The preparatio 
thefe waters requires only the ufual attentions to be g 
to all diftillations. Whatever relates to this fubjeft 
be found in Mr. Beaume’s Elements of Pharmacy. We : 
there fee that the ftrength and agreeable flavor of thefe w; 
chiefly depend on the ftrength of the fpirit of wine emplc 
and efpecially on its purity from any oil of wine, w 
gives the dil greeable fmell and tafte of common aqua-t 
See Spirit Ardent). 

WATERS (HARD or CRUDE). Thefe n; 
are applied to all waters that contain any fenfible quanti 
earth or felcnitcs. See Waters (Mineral), 


(g) Hard waters are thofe in which foap docs not diflolve 
formly, but is curdled. The diflolving power of hard wa 
lefs than that of foft ; and hence its unhtnefs for bleaching, 
ing t boiling 1< guminous vegetables, and for many other pur 
of economy and arts. One caufc of the hardnefs of water is, 
it contains fome fait that may be decoropofcd by foap, the a 
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WATER (LIME). Lime water is ordinary water io> 
Which quicklime has been flaked. 

Water in which quicklime has been flaked, or with which 
flaked quicklime is wafhed, difiolves the part of the quick* 
lime that is moil attenuated, and mod deprived of gas : this 
fubftance, which may be confldered as faline and earthy, 
communicates to water an alkaline, and fomewhat acrid 
tafte. The effe&s of lime water in chemical mixtures are 
fimilar to thofe produced by quicklime. Sn Quick* 
lime. 

Although lime-water contains no volatile principle, it 
ought neverthelefs to be preferved in full and well clofed 


of which uniting with the acid of the fait, the oil of the foap fe- 
parates, and the foap is faid to be curdled. Hardnefs of water 
proceeding from this caufe may be difeovered and cured by adding 
fome drops of a folution of fixed alkali. The falts capable of 
rendering water hard, are not only felenites, which is a very fre- 
quent caufe of the hardnefs of warer, but any other earthy or me- 
tallic fait that may be contained in the water, as all thefe are 
capable of being decompofed by fixed alkali. Such are the 
marine fait with bafis of magnefia, or of calcareous earth, vitrio- 
lic fait with bafis of magnefia called Epfom fait, green vitriol, 
and a nitrous fait with earthy bafis, to which Dr. Home attributes 
the hardnefs of feveral waters examined by him. The hardnefs 
of water has been by fome perfons attributed to common fait. But 
Dr. Home in his Effay on Bleaching has (hewn, that neither pure 
common fait, nor any other fait with bafis of fixed alkali, give 
any hardnefs to water, but ihzt this quality may be given to water 
by the common fait which is generally fold, becaufe this contains 
fome part of the earthy falts of fea- water, or of the water of falt- 
fprihgs. 

The gas which waters frequently contain, is another caufe of 
the hardnefs of water. This gas unites with the alkali of 
foap, renders it mild, and thus weakens its union with the oil. 
See Gas and Alkali (Fixed). This gas, by expofure of the 
water during fome time in open vefTels, exhales ) by which means, 
water is rendered foft, and any calcareous earth or iron which 
may be diflolved in the water merely by means of the gas, as 
Mr. Cavendifh and Mr. Lane have Ihewn, [ Philo f Tranf. 1767 13 
1769.] are precipitated. 

By Soiling, the hardnefs of water proceeding from gas may be 
cured, but that from earthy or metallic falts cannot. 

Spring-waters are frequently hard. River water is generally 
foft. The imall quantity of earthy falts contained in rain and 
fnow waters, according to Mr. Margraaf’s analyiis, docs not 
icolibly render them hard. 

bottles : 
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bottles : othetwife the faline earthy matter diffolvedj in 
to which it owes all its peculiar properties, would be fep 
rated from it, in proportion as the water fhould be evap 
rated, and would appear on the furface in form of a cm 
called cream of lime . The quantity of calcareous mat 
that is thus feparated from lime-water, is even greater th 
it ought to be, if it was exa&ly proportionate to the evap 
ration of the water. The caufe of which is, that the quic 
lime gradually recovers from the air as much gas as 
neccflary to deprive it of its properties of quicklime, and 
reftore! it to its ftateof fimplc calcareous earth, mild, effi 
vefcing, and unfoluble in water. Hence lime-water, 
long expofure to air, lofes much of its ftrength, and at 1 
becomes almoft infipid. See a note fubjoincd to the arti 
Quicklime. 

WATER (MERCURIAL). This name is giv 
to a folution of mercury in nitrous acid, diluted with 
greater or lefs quantity of common water. 

This liquor produces very good effe&s, as an efeharot 
and even as a cauftic in fome difeafes of the fkin that ; 
external, local, and efpecially venereal. Some perfons i 
this mercurial water internally ; but as it muft be a dange 
ous remedy, it ought not to be employed. 

WATERS (MINERAL). All waters natura 
impregnated with any heterogeneous matter which they ha 
difl'olved within the earth may be called mineral waters , 
the moil general and extenfive meaning of that name : 
which are therefore comprehended almoft all thofe that fle 
within, or upon the furface of the earth : for almoft 
thefc contain fome earth or felenites. But waters contai 
Sng only earth or felenites are not generally called miner 
but hard or crude waters . 

The hard waters, which are fimply felcnitic, when tri 
by the chemical proofs hereafter to be mentioned for d 
covering the nature of mineral waters, (hew no marks of 
acid or of an alkali, nor of any volatile, fulphureous, 
metallic matters. Waters which contain a difengaged c; 
careous earth, change the color of fyrup of violets to a gree 
and thofe that contain felenites, being mixed with a foluti< 
of mercury in nitrous acids form a turbith mineral •> a 
when a fixed alkali is added, they are rendered turbid, and 
white fediment is precipitated. Thefe waters alfo do r 
difiolvc foap well. From thefe wc may know, that a 
water which produces thefe effects is a hard, earthy, or fcl 
nitic water. The waters impregnated with gas are alfohai 

Althou 
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Although the waters of the fea, and faline fprings, be 
not generally enumerated amongft mineral waters, they 
might nevertnelefs be juftly/confidered as fuch. For befidcs 
earthy and felenitic matters, they alfo contain a large quan* 
tity of mineral falts. We fharll therefore conllder them as 
fuch in this article. 

Mineral waters, properly fo called, are thofe in which 
gas, or fulphureous, faline 'or metallic fubftances are d if- 
covered by chemical trials. As many of thefe waters are 
employed fuccefsfully in Medicine, they are alfo called 
medicinal waters . 

Mineral waters receive their peculiar principles by palling 
through earths containing falts, or pyritous fubftances that 
are in a ftate of decompofition. See Pyrites. 

Some of thefe waters are valuable from the quantity of 
ufeful falts which they contain, particularly of common fair, 
great quantities of which are obtained from thefe waters ; 
and others are chiefly valued for their medicinal qua* 
lities. 

The former kind of mineral waters is an obje& of manu- 
faflune, and from them is chiefly extracted that fait only 
which is moft valuable in commerce. See Water of the 
Sea; and Water of Saline Springs* 

But the nature and proportion of all the principles of 
which medicinal waters confift, ought to be carefully exa- 
mined* Many of thefe waters have been accurately analyfed 
by able chemifts and phyficians. 

But notwithftanding thefe attempts, we are far from 
having all the certainty and knowledge that might be defired 
on this important fubjeift ; for this kind of analyfls is per- 
haps the moft difficult of any in chemiftry. 

Almoft all mineral waters contain feveral different fub- 
ftances, which being united with water may form with each 
other numberlefs compounds. Frequently fome of the prin- 
ciples of mineral waters are in fo fmall quantity, that they 
can fcarcely be perceived ; although they may have fome in- 
fluence on the virtues of the water, and alio on the other 
principles contained in the water. 

The chemical operations ufed in the analyfis of mineral 
waters, may fometimes occafion effential changes in the 
fubftances that, are to be difeovered. And alfo, thefe waters 
are capable of fuffering very confiderable changes by motion, 
by reft, and by expofure to air. 

Probably alio the variations of the atmofphere, fubter- 
ranean changes, fome fecret junction of a new fpring of 

mineral 


Digitized by i^ooQle 



waters 

mineral or of pure water ; laftly, the exhauftion of 
minerals whence waters receive their peculiar princi 
are caufes which may occafionally change the qualii 
mineral waters. 

We need not therefore wonder, that the refults of ana 
of the fame mineral waters made by different chen 
whofe (kill and accuracy are not queftioned, fhould be 
different. 

The confequences of what we have faid on this ful 
are, that the examination of mineral waters is a very difE 
tafk ; that it ought not to be attempted but by prof 
and experienced chemifts ; that it requires frequent rej 
tions, and at different times ; and laftly, that no f 
general rules can be given concerning thefe analyfes. 

As this matter cannot be thoroughly explained wit 
entering into details connefted with all the parts of chemi 
we (hall here mention only the principal refults, an< 
mod efTential rules that have been indicated by the attei 
hitherto made on this fubje<3. 

We may admit the divifion or arrangement of mil 
waters into certain clafTes, propofed by fomc of the beft 
mifts and naturalifts. 

Some of thefe waters are called cold y becaufe they an 
naturally hotter than the atmofphere. Some of then- 
even colder, efpecially in fummer. 

Thofe are called hot mineral waters , which in all fe; 
are hotter than the air. Thefe are of various degrees of 1 
and lome of them are almoft as hot as boiling water, 
fome mineral waters certain volatile fpirituous and el 
principles may be perceived, by a very fcnfible piq 
tafte ; this principle is called the gas y or the fpin 
waters . 

The waters which contain this principle are gene 
lighter than pure water. They fparkle and emit but 
at their fpring, but efpecially when they are (hook, 
poured from one vefTel into another. They fometimes b 
the bottles containing them, when thefe are well corke< 
fermenting wines fometimes do. When mixed with ordi 
wine, they give to it the piquancy and fparkling qualii 
Champaigne wine. 

This volatile principle, and all the properties of the w 
dependant upon it, are loft merely by expofure to air o 
agitation. The waters containing this principle are di 
guilhed by the name of fpirituous mineral waters , or at 
lous waters . 
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Other divilions of mineral waters maybe made, relatively 
to Tome of their predominant principles. Hence fome waters 
are called acidulous y alkaline , martial , neutral , &c. 

When a mineral water is to be examined, we may ob- 
ferve the following rules : 

Experiments ought to be made near the fpring, if pof- 
fible. 

The iituation of the fpring, the nature of the foil, and 
the neighbouring riling grounds ought to be examined. 

Its feniible qualities, as its fmell, tafte, color, are to be 
obferved. 

Its fpecific gravity and heat are to be ascertained by the 
hydroftatical balance and the thermometer. 

From the properties above-mentioned of fpirituous mine- 
ral waters, we may difcover whether it be one of this clafs. 
For greater certainty we may make the following trial. 
Let the neck of a wet bladder t>e tied to the neck of. a bottle 
containing fome of this water. By fliaking the water, any 
gas that it may contain will be difengaged, and will fwell 
the bladder. If the neck of the bladder be then tyed with a 
firing above the bottle, and be cut below this firing, fo as 
to Separate the bladder from the bottle, the quantity and 
nature of the contained gas may be further examined. 

Laftly, we mull obferve the changes that are fpontane- 
oufly produced upon the water in clofe and in open veflels* 
and with different degrees of heat. If by thefe means any 
matter be cryftallized or depofited, it muft be'fet apart for 
further examination. 

Thefe preliminary experiments and observations will 
almoft certainly indicate, more or lefs fenfibly, fomething 
concerning the nature of the water, and will point out the 
method to be followed in our further inquiry. 

We muft then proceed to the decomposition of the water 
either without addition and merely by evaporation and diftil- 
lation, or with the addition of other fubftances, by means 
of which the matters contained in the water may be pre* 
cipitated, and difcovered. It is not material which of thefe 
two methods be firft pra&ifed, but it is quite neceflary that 
the one fhould fucceed the other. If we begin by evapo- 
rating and diftilling, thefe operations muft be Sometimes 
interrupted, that the Several principles which rife at different 
times of the diftiilation may be obtained and examined 
Separately, and alfo to allow the Several Salts that may 
be contained, tq cryftallize by the evaporation and by 
Vql. Ill* U cold* 
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cold. See Evaporation, Distillation, and Cry; 
lization. 

The fubftances generally found in mineral watei 
aim oft always combinations of vitriolic acid, and th 
marine acid, together with the feveral matters that 
acids are capable of diflblving. 

The following combinations of vitriolic acid are foi 
mineral waters. 

1. Volatile fulphureous acid. This is feldom found 
becaufe it eafily iofes its phlogifton, and becaufe it 
almoft always meet with fome fubftance that it is caps 
diHolving. 

2. Sulphur . This is found fometimes fmgly, but 
rally in form of a liver of fulphur. In thefe waters, ft 
is formed into a hepar by means of calcareous earth or ( 
neral alkali. 

3. Vitriolic falts with earthy hafts. Thefe falts a t 
quently felenitic , that is, their acid is combined v 
calcareous earth ; or, they are of the nature of Epfon 
the bafis of which is magnefia. Sometimes, but 1 
frequently, they are aluminous , when their acid happ< 
be united with an argillaceous earth. 

4. Vitriols. Martial vitriol is frequently contain 
mineral waters; vitriol of copper is fometimes, but fe 
and vitriol of zinc is ftill more rarely found in thefe r 
T he vitriols of other metallic fubftances are fcarcelj 
but in very fingular cafes, found in water. 

5. Laftly, vitriolic falts with bafts of fixed alkali . 1 

always Glauber s fait. Neither vitriolated tartar nor v 
ammoniacal fait are ever found, unlefs by fome fingul; 
cident, in mineral waters. 

The combinations of marine acid that are contaii 
mineral waters are common fait , and marine fait with 
hafts . For no combinations of this acid with phlogifb 
known, and it is very feldom found united with any m 
fubftance. 

Compounds formed of the nitrous acids are, in a ms 
fubftances extraneous to the mineral kingdom, fine 
acid is never produced but upon the furface of the 
and from veritable and animal matters. See Acid 
trous) and Nitre. This acid cannot therefore be 
in waters but very accidentally. Thus, for inftanec, 
is found in the wells of Paris, and probably of other t< 
becaufe the ground where men inhabit is always nitrm 
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Thefe are the principal fubftances that form almoft all thefe 
waters. We fhall now (hew the proofs by means of which 
they may be difcovered in water, without decompofmg the 
water by evaporation or by diftillation. 

If any portion of difengaged acid or alkali be contained in 
water, it may be known by the tafte, by changing the color 
ef violets or of turnfol, and by adding the precife quantity, 
of acid or of alkali that is necelTary for the faturation of the 
contained difengaged faline matter. 

Sulphur, and liver of fulphur, may be difcovered in 
waters by their fingttlar fmell, by the black color Which 
thefe fubftances give to white metals or to their precipitates, 
but efpecially to itlver. 

Vitriolic falts with earthy bafis may be difcovered in 
water by two proofs : I. By adding fome fixed alkali, 
which decompofes all thefe falts^and precipitates their earthy 
bafis ; and, 2. By adding a folution of mercury in nitrous 
acid, which alfo decompofes thefe falts, and forms a lurbith 
mineral with their acid. But for this purpofe, the folution 
of mercury ought to have a fuperabundant quantity of acid : 
for this folution, when perfe&ly faturated, forms a preci- 
pitate with any kind of water, as M. Rouelle has very juftly 
remarked ; and indeed, all metallic folutions in any acids 
axe ftri&ly capable of decompofition by water alone, and fo 
much more eafily as the acid is more perfectly faturated with 
the metal. 

Martial vitriol or iron combined with any acid, or even 
with gas, (hews itfelf in waters by blackening an infufion 
of galls, or by forming a Pruffian blue with the phlogifticated 
alkaline lixivium. 

The vitriol of copper, or copper diflolved by any acid, 
may be difcovered by adding fome of the volatile fpirit of 
fal ammoniac, which produces a fine blue color, or by the 
addition of clean iron, upon the furface of which the copper 
is precipitated in its natural or metallic ftate. 

Glauber’s fait is difcovered by adding a folution of mer- 
cury in nitrous acid, and forming with it a turbith mineral ; 
or by cryftallization. 

Common fait contained in waters forms with a folution of 
filverin nitrous acid a white precipitate, or luna cornea. It 
may alfo be known by its cryftallization. Marine fait with 
earthy bafis produces the fame effeft upon folution of filver. 
It alio forms a precipitate when fixed alkali is added. The 
acrimony, bittemefs,^ nd deliquefcency of this fait ferve to 
diftingutfh it* 

U 2 The 
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The proofs related for the examination of mineral wa 
are only thofe which are moft cifcntial. Many others 
be made to confirm the former proofs : but the detail 
thefe are too extcnfive to be inferted here. We ihall 
only two of thcle, becaufe they are very general, and 
be very ufcful. 

The fir It is the production of artificial fulphur, or of 
volatile lulphurcous acid ; by which means the vitri 
acid may be discovered in any combination whatever, 
this purpofe the matter to be examined muft be mixed ' 
any inflammable fubftance, and ex poled to a red-heat, 
this matter contained but a particle of vitriolic aci< 
would be rendered fenfible by the fulphur, or by the \ 
tile fulphureoos acid thence produced. See Sulphur. 

The lecond general proof for mineral waters which 
fhall mention here ferves to difeover any metallic l'ubft 
whatever, diffolved in water by any acid. This proof 
lifts in adding fome of the liquor faturated by the cole 
matter of P ruffian blue, dilcovered and defenhed by 
Macquer in his Memoir upon Pruffian Blue. This li 
produces no effects upon any neutral lalts with earth 
alkaline bales, but decom poles all metallic falts : fo 
if no precipitate be formed upon adding fome of this li< 
we may be certain that the water does not contain any 
tallic fait; and on the contrary, if a precipitate is for 
vve may certainly infer that the water docs contain 
metallic fait. 

We may eafily perceive the neceflity of ufing no v 
in thefe experiments, but fuch as are perfectly cleai 
rinfed with diftillcd water ; of weighing rile products < 
experiments very exactly ; of making the experiments 
as large quantities of water as is poflible, efpecialb 
evaporations, cryflailizations, and diftil lations $ ai 
repeating ail experiments lcvcral times. We may ft 
ohferve, that the mixtures from which any precip 
might be expected, ought to be kept two or three 
be ecu fe many of thefe precipitates require that tin 
more to appear, or to be entirely depofited. 

We Ihall now endeavour to explain bow mineral v 
become impregnated with their principles. 

The JeUnitic parts of water are received by this 
while it flows through gypfeous earth and (tones, 
being compofed of felenites, which is foluble in water 

The mines of fal gem which are in ‘many places 
particularly where falt-fprings are, furnifti the waters i 
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flow through them, and perhaps the Tea itfelf, with tfyt 
common fall that they contain. 

When a water once contains common fait, it may be- 
come impregnated with Glauber's fait by palling through 
clay ; the vitriolic acid that is always contained in argilla- 
ceous earths, decompofing a part of the common fait of the 
water, with the bafts of which it forms the Glauber’s fait; 
while the marine acid now difengaged will unite with the 
fijrft calcareous particles that it meets, and form a marine 
fait with earthy bafts , which is accordingly always found in 
fca-water, and in falt-fprings. 

When water impregnated, or not, with faline principles 
flows through parts of the^earth containing pyrites in a 
ftate of decompofition, it becomes impregnated with fulphur , 
with martial vitriol , with vitriol of copper , with alum, and 
with other fa'ts\ and frequently with feveral of thefe fub- 
ftances at the fane time, according to the nature of the 
pyrites. See Pyrites. 

The beat of hot mineral waters can be only acquired by 
wafhing large malTes of pyrites and other limilar minerals 
in a ftate of fpontaneous decompofition, during which they 
always acquire confiderable heat. 

Laftly, the aerial gas of fome mineral waters may have 
been discharged from fome of the principles with which the 
water is impregnated, which were in the aft of combina- 
tion with each other at the time they were difiolved by the 
water, or which were combined after this folution. For 
we know that in almoft all folutions much air is extri- 
cated ; and this air being well divided and difFufed among 
the particles of water, adheres to them, and in fome mea- 
lbre combines with them fuperabundantly. Mr. Venel 
has made upon this fubjeft a fine experiment, that proves 
the truth of the above-mentioned theory, which was firft 
given by him. He added to common water as much ma- 
rine acid and mineral alkali as were fufficient to form as 
much common fait as is contained in the mineral water of 
Selters. He corked very well the bottle containing this 
impregnated water. The combination proceeded flowly and 
without effervefcence, becaufe the faline matters were 
much diluted ; and when the combination was complet- 
ed, the artificial water was become fpirituous and aerial, 
like the natural water that he imitated. See the particular 
articles of all the fubjlances mentioned that relate to mineral 
waters ; from a knowledge of the properties of which fubjlances y 
' * U 3 many 
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many explanations on this fuljeft may he deduced , too long , 
here infer ted. (h) 

WATERS (MOTHER). This name is given t< 
liquor that remains after as much of the faline fubfta 
contained in a water has been feparated as can be by 
the ufual methods, evaporation and cooling, and 1 
which therefore no more cryftals can be obtained, vt 
out much difficulty, though it ftill remains impregn 
with falts. Thefe mother-waters are very different, 
cording to the kinds of falts with which the waters ' 
originally impregnated. They are generally very he 
acrid, and red. 

The nature of mother-waters was a long time very 
perfectly underftood. They were confidered- as liq 

lo 

(h ) The gas which gives the fparkling and inebriating 
lities to many mineral waters, feems not to differ from the \ 
extricated from effervefeing and fermenting fubftances. 
Gas. The Honourable Mr. Cavendifh has added to his fo 
important difeoveries concerning different kinds of gas, one 
throws much light on the nature of many mineral waters, 
difeovery is, that by means of gas, and without the intervei 
of any acid, calcareous earth is diffolvcd in fome mineral 
ters. He found that the quantity of this gas that was cont< 
in Rath-bone-place-water, relatively to the quantity ofealea 
earth contained in that water, was about twice as much 
ufually combined with an equal quantity of calcareous e« 
and that the earth might be precipitated from this wati 
driving off the gas by heat, or by abforbing it by the additii 
lime-water. Does not this folution of calcareous earth b 
confirm a conje&ure concerning the analogy of this fluid 
acids ? It feems very extraordinary that calcareous earth fatu 
with its ufual quantity of gas ihould be unfoluble in water, 
that it may be rendered foluble, either by depriving it eni 
of this gas, as it is in lime-water, or by uniting it with a fi 
abundant quantity of gas, as it is in the water of Rath -1 
place, See Phil. Tranj. for the Year 1 767. 

Mr. Lane has difeovered another inftance of the diffol 
power of gas upon iron, and has, by fome ingenious ex 
ments, fhewn the probability that this metal is diffolved in 1 
mineral waters by means only of that gas. He found that 
diftilled water, having been impregnated with the gasarifing 
effervefeing or fermenting fubftances, was rendered capafc 
diffolving a fenfible portion of iron ; and that this artificial d 
beate water, by expofure to air, loft entirely its proper! 
tinging an infufion of galls. As feveral chalybeate mil 
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loaded with greofy and vifcid matters, by means oF which 
the falts contained were prevented from cryftallizing. 

A portion of cryftallizable fait, fimilar to thofe already 
extra&ed, does indeed remain in the mother- waters ; fcnd 
perhaps alfo the cryftallization of thefe may be impeded by 
the vifcid rpatter$ that are fometirnes contained in thefc 
waters : but generally the greatcft part of the matter con- 
tained in mother-waters is compofed of falts that are deli- 
ouefcent and different from thofe already obtained by cry- 
stallization. We are certain, at leaft, that the mother- 
waters of fea-fajt and of nitre are formed almoft entirely 
of thefe falts, which have a certain kind of adhefion to the 
cryftallizablp fa Jts, and which therefore prevent the cry- 
ftallization of the laft portions of thefe. The mother- 
water of common fait contains a confiderable quantity of 
marine fait with earthy bafis, and the mother* water of nitre 
contains not only marine fait with earthy bafis, but alfo a 
confiderable quantity of nitre with earthy bafis : hence, if 
a fixed alkali be added to thefe waters, a white earthy 
precipitate is formed fo copioufly, that the whole become* 
a kind of pafte. By diluting this pafte with much water, 
the earth may be obtained by filtration. The earth when 
edulcorated is very white, ana of a calcareous nature. It 
is called magncfia . (i) 


waters do alfo, by expofure to air, entirely lofe their property 
of tinging an infufion of galls ; and as waters containing iron 
diifolved by means of vitriolic acid, though a confiderable fedi- 
ment is alfo depofited from them, do never entirely ^ofe this 
property*; he infers, that the former kind of waters receive their 
chalybeate impregnation by means, not of an acid, but of this 
gas. He further ftiews, from experiments, that iron cannot be 
K) entirely precipitated from its folution in any of the mineral 
acids by means of mild alkalis, or mild calcareous earth, that 
this folution fhail lofe its power of tinging an infufion of galls ; 
bat that the iron may be fo pcrfe&iy precipitated from the above- 
mentioned folutions by means of caullic alkali, or of lime-water j 
and hence he infers, that in the former cafe the portion of iron 
that is not precipitated is kept fufpended or diffolved by means of 
the gas extricated by the acid of the folution from the mild alkali 
or earth. See Phil. Tranf. for the Tear 1769 
(i) Magnefia is an earth not convertible into quicklime, 
therefore different from calcareous earth, with which it is fome- 
times confounded, and is poffeffed of peculiar properties. Stt 
the irtich Magnesia, and Ihe Non Subjoined. 

V 4 The 
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If vitriolic acid be added to thefe mother-waters, a 
copious white precipitate is likewife formed. This p 
pitate alfo proceeds from the union of this acid witl 
calcareous earth of the earthy falts, by which a feleni 
formed. The felenites, not being (oluble in fo fn 
quantity of water as that of the mother-water employe 
moftly precipitated in form of an earthy fediment corn 
of very minute cryftals. See Salts with Earthy B 
and Magnesia. 

WATER RABEL. The water of Rabel i 
triolic acid dulcified by mixture with rectified fpirit of 
Rabel, the inventor of this liquor, which is ufed ii 
dicine, employed an expenfive apparatus in the prepai 
of it. He obtained the vitriolic acid from pyrites : 
fince his time, the procefs has been much Amplified, 
ought to be. One part of oil of vitriol is mixed 
three parts of reftified fpirit of wine, and the mixti 
digefted in a well-clofed veflel. The vitriolic acid 
upon all the principles of the fpirit of wine, and" core 
with them in a certain degree during this digeftion : 
the acidity of the liquor is confiderably diminifhed, bi 
perfe&ly deftroyed. This water of Rabel may be conf 
as a dukified vitriolic acid. See Ether. 

Water of Rabel is employed in medicine as an : 
gent, from the property which the vitriolic acid I 
conftringing the fibres and veffels. It requires to be 
ed in fome proper vehicle, as in potions or juleps. 

WATER (SEA). Sea- water, and the waters of 
falt-lakes, wells, and fprings, containing various kir 
falts, is in much greater quantity than frelh-water. 

We may fay in general, that all natural falt-waten 
tain feveral kinds of falts, namely, common fait, ( 
ber’s falts, felenites, Epfom falts, and marine fait 
earthy bafis. Thefe falts are in different quantitie 
proportions, according to the nature of the waters ; b 
quantity of the common fait is always greater thaj 
of any other. 

All thefe waters have a faline, and more or lefs 
acrid, bitter tafte. The acrimony and bittemefs of 
waters are generally attributed to the bituminous m 

The mother-waters of common fait and of nitre do alfo c 
fome marine and nitrous falts with bafis of calcareous eu 
Appears from the formation of felenites upon adding vi 
icid, as is mentioned in the following paragraph of the tc: 

fuf 
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juppofed to be contained in them : but I can affirm, that I 
have made many experiments on large quantities of thefe 
1 leveral waters, and that I could never find any fenlible 
quantity of bitumen. The bitternefs, therefore, of thefe 
waters ought to be attributed to the GlauberS fait, which 
is bitter, and efpecially to the marine fait with earthy bafis, 
which is very bitter and acrid. 

This notion of a bitumen being diffolved in Tea-water has 
induced an opinion, that this water could not be rendered 
perfe&ly fweet and fit for drinking merely by diftillation, 
without fome intermediate fubftance : and fome authors* 
otherwife very intelligent, have recommended to mix with 
the fea-water different ingredients, which they fuppofed fit 
to retain this bitumcnous matter. Neverthelefs, all the 
water that falls from the clouds, and all that flows on the 
furface of the earth and quenches the thirft of animals, is 
nothing but fea-water diftilled and rendered fweet, without 
any intermediate fubftance, by a natural evaporation. I 
am convinced from experience, that by means of a fimpl* 
diftillation, fea-water may be rendered perfe&ly like the 
bcft river-water diftilled. This truth appears from the 
following faft. 

About twenty or twenty-five years ago, a ft ranger ac- 
quainted the Minifter of the Marine department, that he 
was poffeffed of a fecret to make fea-water frefh, for the ufe 
of (hips. The Minifter fent him to the Academy of 
Sciences ii* order to verify his procefs. The Academy 
named Meffrs. Bourdelin, Galiffonier, and myfelf, to per- 
form this office. The operation was made in my labora- 
tory with fea-water, brought purpofely from Diepe, and 
which had been taken four leagues from land. The Au- 
thor of the fecret mixed with the part of this water which 
was to be purified from fait, a confidcrable quantity of 
white powder, which looked like flaked quicklime or pow- 
dered chalk, and the mixture was diftilled in an alembic. 
We obtained a water perfectly fweet, and which had all 
the properties of the beft diftilled water. As at tha* time 
I believed in the pretended bituminous matter of fea-water, 
I wondered much at this procefs, and I intended to make 
an advantageous report of it to the academy. Neverthe- 
lefs, I thought it would be proper, firft to diftill the re- 
mainder of the fea-water without any intermediate fub- 
ftahce, which I accordingly did in the fame alembic pre- 
vioufly well wafhed. 1 conduced the diftillation with a 
moderate fire, and with all the neceffary attentions to pro- 
em* 
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cure a pure and unmixed product, and I obtained a 
iiderable quantity of water as good, and which ftoo 
the tcfls, as well as the water which had been dil 
with the intermediate fubftance. I put fome of this ’ 
into bottles, fnnilar to thofe which contained the ' 
diflilled with the intermediate fubffance, and having 
fentcd both of them to the author of the fecret, wi 
telling him what I had done, he could not, upon t; 
it and making the moft accurate trials of it, find 
difference between the two waters. I then declared to 
and to the members of the Academy, who were pr< 
the manner in which I had diflilled the water. The p 
were repeated with the greateft care : And the author 
took leave without faying a word, and I have not hea 
him fince. I have fince that time had an opportuni 
examining a falt-water, which we might expect to b 
molt bituminous of all ; 1 mean the water of the lak 
fhaltus , or the dead- fea . M. Guettard having fent to the 
demy of Sciences feveral bottles of this water, which h 
received from an intelligent traveller and good natur 
MelTrs. Lavoifier, Sage, and I, were appointed to exa 
it. The refult of our experiments on this water whic 
found to be very fait, heavy, acrid, and bitter, was, 
we obtained from it a good deal of common fait, of v 
a part had cry flail ized in the bottles, but efpecially, a 
digious quantity of marine fait with earthy bafis, and 
it gave no marks of its containing bitumen, (k) 

Sea-^ 


(k ) It has been long knoivn that a frefh water may be c 
rated from the fea, and that the faline part was chiefly left be 
On this principle, the common art of making fait, by fo 
by artificial heat, is founded. The ancient navigators, ac 
ing to Pliny, were ufed, when their frefh water was fcarc 
avail themlelves of the natural evaporation of frefh water 
the fea. Quia f*pe navigantes defeftu aqua dulcis Jaborant 
quoque fubjtdia demonflrabimus . Expanfa circa nauim seller 
def canty accepto balitu maris % quilus humor maris exprimitur . 

But although the general principle was known, a prej 
univerfally prevailed, that the water obtained by diilillati< 
fea-water, itill remained impregnated with too much of a 1 
or bituminous fubftance, to be ufed for the purpofe of fupp 
the want of frefh water at fea. This prejudice probably 
from the diftillation having been extended too far ; for whe 
greateft part of the f a-water is evaporated, the remaining li 
being a highly concentrated biine, and of a greater denfitv 
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Sea-water is got every where impregnated with an equal 
quantity of felt. Generally, it has been obferved to con- 
tain more fait in hot than in cold climates* The quanti- 
ty of common fait contained in fea-water is to the quan- 
tity of that water as three or four to a hundred. The 
water is confequently far from being faturated with that 
Alt 5 for water is capable of diffolving nearly a fourth part 
of its weight of common fait. 

Common fait is obtained from fea-water by evaporation 
gjone, and not by alternate evaporation and cooling ; be- 
caufe this fait is equally foluble in cold as in hot water* 
Stt Crystallization, and Salt (Common). 

In the fouthern provinces of France, and in all equally 
hot or hotter climates, fea-water is evaporated in open 
air, and merely by the heat of the fun in fummer, by 
which means the common fait is obtained. For this pur- 

pofe, 

water, is capable of receiving a fo much greater degree of heat 
than was at firlt neceflary to make the water boil, that not only 
the watery vapor, but alfo feme of the faline parts, are railed in 
difUllation. To prevent the exhalation of the feline part of the 
fea-water in diftillation, various propofals were fuggeiled of ad- 
ding intermediate fabitances j as lapis infer nalis , calcined bones, 
foap leys, powdered chalk, 6c c. and thefe methods were fee- 
peffively tried, and abandoned. The poflibility, however, of ob- 
taining a perfedly freih water from fea-water merely by diliilla- 
fion without intervention of other fubilances, did not efcape thp 
Author of the Di&ionary, as is above related, nor the zealous 
and fuccclsful refearches of Dr. James Lind, Phyfician to the 
Royal Hofpital at Haflar, to promote in every refpedi the health 
pffeamen. This Gentleman publicly demonftrated in the year 
1761, by feveral trials and experiments, that a fimple diliillation 
rendered fea-water pcrfe&ly freih, pure and wholefome; and in 
May 1762, an account of this dikovery was read to the Royal 
Society, and was foon afterwards publilhed by authority of thp 
Lords of the Admiralty. Neverthelefs, the dillillation of freih 
water from fea-water was not brought into general ufe, whether 
from the inconvenience of keeping and employing an apparatus 
for aillilling on board of foips, fefficiently large for the purpofe 
required, or from the too great exptnee of feel, or from the 
prejudices of mankind agarnd new improvements ; till Dr. 
Qbarlts having invented a method of applying the Ship's kettle , 
pt veffel commonly employed for copking vi&uals, to the pur- 
pofe of diftilling freih water, without any other additional ap- 
paratus than that of a copper tube bent nearly at right angles. 
Jhe fea-water to be dihilled was put into this kettle, which wsp 

therefore 
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pofe, large bafons are made in the ground near the 
called falt-marfhcs. They are fo difpofed that the 
water may flow into them at certain tides, and be re 
cd there. Thefe marfhes are divided into many com] 
ments, communicating with each other, into which 
required quantity of water may be admitted. The \ 
i in thefe is of a (mail depth, that the evaporation ma; 
vance more quickly. When the water is fufEciently 
porated, and the fait is cryftallized, more water is ad 
ted, till a fufficient quantity of fait is obtained, whi 
then gathered in heaps and drained. 

In the northern provinces of France common fait is 
tained from fea-water in the following manner : 

A quantity of fand moiftened with fea-water is exj 
to the fun and dried, which is quickly done, becauf 
fea-water is almoft entirely near the furface of the I 
The fand, which then becomes covered with a confidei 
quantity of fait, is to be wafhed with as much water 

therefore employed as the body of a ftill ; and into the mow 
the kettle was fitted the fhorter leg of the tube, while the It 
leg ferved to condenfe the fleam during its pafTage throuj 
and to convey the condenfed water into any veflel placed a 
extremity of the tube to receive this water. In order to ac 
rate the condenfation, he recommends to wet the tube freq 
ly with a mop ; by which means a continual evaporation 
the external furface of the tube might be produced, much 
might confequently be carried oft, and the vapor withii 
tube might be cooled and condenfed. By this very Ample i 
ratus, he (hews that a great quantity of frefh water may b 
tained with an inconfiderable expence of fuel, with little 
ble, and without any cumberfome veflels. He particular! 
flrufts that only three- fourths of the fea-water fhould be dill: 
as the water djflilled from the remaining concentrated bri 
found to have a difagreeable tafle, and as the further con 
ance of the diftillation is apt to be injurious to the veflels. 
experience of thofe (hips in which this method has been 
prattifed during long voyages, has evinced its utility, and 
Jity of execution. See a journal of a voyage towards the 1 
Pole , by the Honourable Captain Phipps 9 to which is added ar 
fendixy giving a defeription of Dr. Irving’s apparatus, wit 
account of its fuccefs during that voyage. 

Dr. Prieftly has fuggelled a propofal to give to this dif 
water the brijknefs and fpirit of f refly fpring water , and a 
fame time of rendering it perhaps a remedy or preventative aj 
the /curvy, by impregnating it with the gas or fluid called fixa 
obtained by mixing chalk with oil of vitriol. 

necc 
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secefiary for the folution of the fait adhering to it ; and 
this water is afterwards evaporated over the fire in leaden 
cauldrons, till the fait iS cryftallized. 

Wallerius fays, that in the northern countries the fait 
in fea-water is concentrated by expofure to intenfe cold, 
by which means great part of the water is frozen, and the 
unfrozen part, which contains almoft all the fait, is after- 
wards evaporated by fire, till the fait is cryftallized. 

After the common fait has been thus obtained by thefc 
operations from fea-water, a liquor, called mother-water , 
remains, that contains much fait, which cannot be cryftal- 
lized. If this water be further evaporated, an4 then ex- 
pofed* to cold, a certain quantity of Glauber's fait, “and 
Epfom fait will be obtained. 

Laftly, the remaining part of the mother-water contains 
fcarcely any thing but marine fait with earthy bafis, the 
earthy part of which may be precipitated by an alkaline lixi- 
vium. This torth is called the Magnefia of common fait . 
See Water (Mother^, ^Magnesia. 

WATER */ SALT-SPRINGS. The water of 
almoft all falt-fprings, at leaft of thofe from which common 
fait is obtained, contains exa&ly the fame principles as fea- 
water, but generally in a larger quantity. Some of thefe 
fprings contain fixteen pounds of fait in a hundred pounds 
of water. £uch, for inftance, is that of Dieufe in Lor- 
raine, one of the beft fait- works known. Other fprings 
contain a much fmaller proportion of fait ; fuch is that of 
Montmorat in Franche-compte. 

Salt is obtained from thefe falt-fprings generally by eva* 
poration over the fire ; at leaft, it is fo in Lorraine, and 
in Franche-compte : but that the expence of fuel may be 
lefTened, the water, when weakly impregnated, is pre- 
vioufly concentrated by frequently pouring it upon bundles 
of twigs or faggots under buildings that are covered, but 
open at all the iides, called graduating houfes. The water 
raifed by pumps to the top of thefe buildings falls upon the 
faggots, by which it is divided into a ftiower, irs furface is 
thereby encreafed, and the evaporation is promoted by the 
free current of air that pafles through the open iides of the 
building. When, by this means, the water is fo concen- 
trated that a hundred pounds of it contain about thirteen 
or fourteen pounds of fait, it is then evaporated over the 
fire in the ufual manner. v” i 

As thefe waters are much more impregnated with faline 
principles than fea-water, and as their evaporation is more 

quickly 
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quiclcly fmilhed, we {hall confirm what we have faid < 
cerning the evaporation and formation of the feveral 
in fea-water, by defcribine the method employed in 
evaporation of the water of the falt-fprings of Lorraine 
Franche-compte. 

This water is evaporated in very large reflels mai 
plates of iron, capable of containing from eight to nil 
ten thoufand gallons of water, called falt-}ans y the i 
of which is about fifteen or fixteen inches. 

In thefe the Water is boiled fome time, during whi 
faline earthy matter, called fchlot or fcratfh , is. depof 
and is carefully to be feparated. This fcratch is a felen 
which of all the faline matters contained in the wat 
the leaft foluble, and confecjucntly cryftallizes firft. 
felcnites draws along with it fome of the other falts, 
principally Glauber’s fait, which feems to have fome 
gree of adhefion to it. 

When the felenites is feparated, the common fait, b 
in greater quantity than the other falts, begins to cry 
lize and form cubes. That larger cryftals of this fait 
be formed, the water is made to boil very flowly, til 
common fait ceafes to cryftallize. The water that renr 
is very heavy, much impregnated with fait, of an ; 
and bitter tafte. This is the mother-water . 

This mother-water contains ftill fome common 
fome Glauber’s fait, and efpecially a large quantity of 
rine fait with earthy bafts. The Glauber’s fait reir 
chiefly in the mother- waters, becaufe it is much more i 
ble in hot than in cold water, and cryftallizes more re: 
by cold than by evaporation. The marine fait with ea 
bafts remains almoft entirely in the mother-water, bee 
it is deliquefeent, and not fufceptible of a true cryfl 
zation. See Water (Mother). 

The feveral falts contained in waters of falt-fpring 
thus feparated from each other : but this reparation is 
very accurate. To render it more complete, other m 
nuft be employed. The fundamental principles of 
perfed purification of the feveral falts confounded t 
ther in the fame water are explained at the article Crysi 
lization. To avoid repetitions, we refer to that art 
See olfo the articles Selinites, Salt (Common), S 
if Epsom, Salt if Glauber, Salt (Marine) 
Earthy Basis, Water (Mother,), and Wai 
(Mineral). 

W< 
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WAX. Wax is an oHy, concrete matter gathered by 
bees from plants. 

Wax has been long confidered as a refin, from fome pro* 
perries common to it with refins. It has the fame con- 
fidence as refins hare, and, like them, it furnilhes an oil 
and an acid by defoliation, and is foluble in all oils : but 
in feveral refpects it differs fenfibly from refins. Like thefe, 
wax has pot a ftrong aromatic tafte and fmell, but a very 
weak fmell, and, when pure, no tafte. With the heat 
of boiling water no principles are diftilled from it ; where- 
as, with that heat, fome effential oil, or, at leaft, a (pi- 
ritus re&or is obtained from every refin. Further, wax is 
tonfoluble in fpirit of wine. If wax be diftilled with a heat 
greater than that of boiling water, it may be decompofed, 
but not fo eafily as refins can. By this diftillation a final! 
quantity of water is firft feparated from the wax, and then 
fome very volatile and very penetrating acid, accompanied 
with a fmall quantity of a very fluid and very odoriferous 
oil. As the diftillation advances, the acid becomes more 
and more ftrong, and the oil more and more thick, till its 
confidence be fuch that it becomes folid in the receiver, 
and is then called butter of iJuax. When the diftillation is 
finifhed, nothing remains but a fmall quantity of coal, 
which is almoft incombuftible from the want of fome faline 
matter. See Coal. 

Wax cannot be kindled, unlefs it be previoufly heated 
and reduced into vapors ; in which refpeft it refembles fat 
oils. The oil and butter of wax may, by repeated diftil- 
ktions, be attenuated and rendered more and more fluid, 
becattfe fome portion of acid is thereby feparated from 
thefe fubftances ; which effeft is fimilar to what happens 
in the diftillation of other oils and oily concretes : but 
this remarkable effeft attends the repeated diftillation of 
oil and butter of wax, that they become more and more 
foluble in fpirit of wine; and that they never acquire 



tareltfslv clofed, during twenty years, without acquiring 
’a more folid confidence. We may remark, that wax, itl » 

butter, and its oil, differ entirely from effential oils att4 
i*fins in all the above-mentioned properties, and that & 
nil thefe they perfectly refcmble fweet oils. " Ste Oils 
(Essential), Resins, and Oils (Sweet Efcp'RESs 
We may therefore conclude from what has bekn 
Mr Macquer ha* done in his Elements of Gh&rARifi 

and 
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and in his Memoir upon Oils, that wax only refei 
refins in being an oil rendered concrete by an acid 
that it differs effentially from thefe in the kind of th 
which in refins is of the nature of effential oils, wh 
wax and in other analogous oily concretions, (as but 
milk, butter of cocoa, fat of animals, fperm?- ceti, ; 
wax obtained from a tree in Louifiana) it is of the n 
of fweet, unchious oils that are not aromatic, an< 
volatile, and are not obtained from vegetables by expre 

Wax is very ufeful, efpecially as a better material 
any other for candles. 

Wax may be deprived of its natural yellow difagre 
color, and be perfectly whitened, by expofure to the u 
action of air and water,* by which method the col 
many fubftances may be deftroyed. 

The art of bleaching wax confifts in encreafing its fui 
For which purpofe, it muff be melted with a degree of he; 
fufficient to alter its quality, in a cauldron (o difpofed 
the melted wax may flow gradually through a pipe at the 
tom of the cauldron into alargc tub filled with water, in v 
is fitted a large wooden cylinder, that turns continually i 
its axis, and upon which the melted wax falls. As th< 
face of this cylinder is always moiftened with cold vi 
the wax falling upon it does not adhere to it, but qu 
becomes folid and flat,, and acquires the form of ribb 
The continual rotation of the cylinder carries off 
ribbands as faff as they are formed, and diftributes 
through the tub. When all the wax that is to be wh 
ed is thus formed, it is put upon large frames covered 
linen cloth, which are fupported about a foot and a 
above the gfound, in a lituation expofed to the air, 
dew, and the fun. The thicknefs of the feveral ribb 
thus placed upon the frames, ought not to excee< 
inch and a half j and they ought to be moved 
time to time, that they may all be equally expofed t 
a&ion of the air. If the weather be favorable, the 
will be changed in the fpace of fome days. It is th 
be re-melted and formed into ribbands^ and e^pof 
the a&ion of the air as before. Thefe operations a 
b$ .repeated till the wax be rendered perfe&ly white, 
then }t is to be melted into cakes, or formed intocai 

The yellow color of the wax is evidently deftroyed b 
combined a&ion of the air, of the water, and of the fun. 
the volatile, fulphurcous acid has the property of def 
ing {kill more quickly aimoft all the colors of veget; 
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perhaps this bleaching might befhortened by expofing rib- 
bands of yellow wax to the vapor of fulphur, as is pra&ifed 
for wool and filk. (!) 

Every kind of wax is not equally capable of being whiten- 
ed, the color of fome adhering fo flrongly, that it cannot be 
effaced. Such is the wax that comes from countries in 
which vines grow. This obfervation I have received from 
Mr. Trudon, proprietor of the manufactory of wax at An- 
toni, near Paris. 

Wax is employed for many purpofes in feveral arts. It 
is alfo ufed in medicine as a foftening, emollient, and re- 
laxing remedy : but it is only ufed externally, mixed with 
other fubftanCes. It is an ingredient in many pomatums, 

(l) The above operation of bleaching wax can be performed 
well in fine weather only, as it depends chiefly on the a&ion of 
the fan. This circumfUnce being attended with much jncon- 
venienefc to the manufa&urers, the difeovery of a method of 
whitening wax, independantly of the feafons, would be very 
ufeful, and has been recommended to the attention of chemiflt 
by fome economical Societies. With a view to difeover fuch a 
method, Mr. Beckman has ihade experiments, an account of which 
is poblilhed in the 5th volume of the Nrvi comment arii S octet atit 
regia Scicntiarum Gottingenfis . According to thefe experiments, 
dun pieces of yellow wax were whitened and hardened by being 
digdled and boiled in diluted and undiluted nitrous ^cid in a 
few hours. But the wax thus whitened being melted by meant 
of boiling water, was, ebferved to acquire a yellow color, left 
iatenfe, however, than it c was before it had been treated with 
the mineral acids. The marine and vitriolic acids were lefs ef- 
fectual than the nitrous. He expofed wax to the flames ofbym- 
ing fulphur, but without fuccefs. Yellow wax being melted in 
vinegar was rendered of a grey color. The oil of tartar whiten* 
ed wax, but lefs effectually than acids had done ; and this wax 
being wafhed in water and afterwards digefted in nitrous acid 
was rendered (till -more white ; but upon melting it in water, a 
yellowilh tinge returned. He liquefied wax in fclutions of nitre 
tod alum, but without any good effect. Spirit of wine, which is 
recommended by Boyle for this purpofe, did indeed whiten the 
wax, but changed the wax to a butyraceous fubftance, fo frothy 
that its bulk was encrorfed thirty times. Reflecting that tartar 
is purified from its oily particles by means of a calcareous earth, 
he tried the efiedts of a kind of Fuller's earth, which he threw 
upon wax liquefied in water, and he agitated the mixture. This 
method rendered wax of a greyifh color, and is therefore recom- 
mended by him as preparatory to bleaching, the time neceiiary 
for which, he thinks, may be thus greatly Shortened. 

Vol. III. X cerates. 
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cerates, ointments, and plafters, to moil of which it 
the due confiftence. Upon this fubj efi may be con 
Mr. Beaume’s Elements of Pharmacy, a work conts 
many excellent obfervations. 

WEIGHTS, (m) 

WHEY. See Milk. 

WHITE (SPANISH). This name is given t 
different fubftances, namely, the magijlery of bifmutl, 
the wafhed chalk ufed for painting in water-colors. 

WHITE-LEAD. This name is given to the 
ruft produced by expofing lead to the vapors of vinega 
is alfo called ccrufs. See Ceruss. 

WINE. Chemifts give the name of wine in gem 
all liquors that have become fpirituous by ferment 
Thus cyder, beer , vinous hydremely or meady and othe 
lar liquors, are wines. 

The principles and theory of the fermentation whic 
duces thefe liquors are eflentially the fame. The me 

(m) Whichts. As the weights mentioned in this Dif 
are French, it is proper to explain them, and compare the 
the Englifh. 

The Paris found contains 2 marks, and is to the Englj 
pound as 21 to 1 6. It is equal to 7560 troy grains. 

The Paris marks contains 8 Paris ounces. 

The Paris ounce contains 8 Paris drams, or gros ; and i 
to 472 i troy grains. 

The Paris dram, or gros, contains 3 Paris fcruples, or <3 
and is equal to 72 Paris grains, or to 59 i troy grains. 

The Paris fcruple or denier contains 24 Paris grains, and i 
to 19 troy grains. 

The Paris grain is the ^Vr^-th part of a Paris pound, ai 
the troy grain as 7560 to 9216. 

The Enghjb troy pound contains 12 ounces. 

The Troy ounce contains 20 pennyweights. 

The Troy pennyweight contains 24 grains. 

The Englijh medicinal or Apothecary's pound is the fame 
troy pound, but is otherwife divided. 

The Apothecary' s pound contains 12 ounces. 

The Apothecary' s ounce contains 8 drams. 

The cram contains 3 fcruples. 

The fcruple contains 20 grains. 

The gram is the fame as the troy grain. 

The Averdupoife pou nd contains 16 a verdupoife ounces, 
•qual to 7004 troy grains, or is to the troy pound as 10; 
nearly. 
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neral principles we have explained under the article Fer- 
mentation. At the articles Beer and Hydromel may 
be found feme peculiarities relative to thefe kinds of wines. 
In the prefent article we (hall chiefly attend to the wine of 
grapes^ to which the name of wine is more particularly ap- 
plied. At the fame time, we (hall not neglect any thing 
relating to fpirituous fermentation in general. 

All vegetable and animal matters, which have a tafte 
fwcet, agreeable, and more or lefs faccharine, and which 
are nutritive, are fufceptible of the fpirituous fermentation. 
Thus wine may be made of all the juices of plants, the 
fap of trees, the infufions and deco&ions of farinaceous ve- 
getables, the milk of frugivorous animals, which is pof- 
lefled of the above-mentioned qualities ; and, laftly, it may 
be made of all ripe fucculent fruits, which alfo are poflefled 
of thefe qualities ; but all thefe fubftances are not equally 
proper to be changed into a good and generous wine. 

As the production of ardent fpirit is the refult of the fpi- 
rituous fermentation, wc may confider that wine as efl'en- 
fentially the belt which contains moft of this fpirit. But 
of all fubftances fufceptible of the fpirituous fermentation, 
none is capable of b^ing converted into fo good wine, as the 
juice of the grapes of France, or of other countries that are 
nearly in the fame latitude, or in the fame temperature. 
The grapes of hotter countries, and even thofe of the 
fouthern provinces of France, do indeed furnifh wines that 
have a more agreeable, that is, more of a faccharine tafte ; 
but thefe wines, though they are fufflciently ftrong, are not 
fo fpirituous as thofe of the provinces near the middle of 
France : at leaft, from thefe latter wines the belt vinegar 
and aqua vita? are made. As an example, therefore, of fpi- 
rituous fermentation in general, we ihall deferibe the 
method of making wine from the juice of the grapes of 
France. 

This juice, when newly expfeffed, and before it has 
begun to ferment, is called muf, and in common lan- 
guage fweet wine . It is turbid, has an agreeable and 
very faccharine tafte. It is very laxative, and when 
drank too freely, or by perfons difpofed to diarrhoeas, it is 
apt to occafion thefe diforders. Its confluence is fome- 
what lefs fluid than that of water, and it becomes almoft 
ufa pitchy thicknefs when dried. 

When the muft is prefled from the grapes, and put into 
a proper veflel and place, with a temperature from ten or 
twrlve degrees to fifteen or fixteen, very fenfibU eflEedls 
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*re produced in it, in a {horter or longer time, ac 
to the nature of the liquor, and the temperature of th 
It then fwells, and is fo rarefied, that it frequent 
flows the veflel containing it, if this be nearly fu 
inteftine motion is excited among its parts, accoi 
with a fmall hilling noife and evident ebullitior 
bubbles rile to the furfacc, and, at the fame time 
engage J a vapor which is probably of. a phlogiftic 
and is fo fubtle and dangerous, that it is capable ol 
inftantly men and animals expofed to it in a place w 
air is not renewed. In its effefts this vapor is fii 
that of burning charcoal. The lkins, ftones, ar 
grofier matters of the grapes, are buoyed up by the ] 
of dif. ngaged air that adhere to their furface, are > 
agitated, and are raifed in form of a feum or foft and 
cruft that covers the whole liquor. During the fe 
tion this cruft is frequently raifed, and broken b 
difengaged from the liquor, which forces its way 
it : afterwards the cruft fubfides, and becomes e 
before. 

Thcfe effects continue while the fermentation 
and at laft gradually ceafe : then the cruft being n< 
lupported, falls in pieces to the bottom of the liqi 
this time, if we would have a ftrong and generous i 
fenfible fermentation muft be ftopt. This is done b] 
the wine into clofe vcffels, and carrying thefe intc 
or other cool place. 

After this firft operation, nature tends fpontanec 
kind of reft, as is indicated by the ceflation of th< 
effects of the fpirituous fermentation * and thus 
us to preferve a liquor no lefs agreeable in its tai 
ufeful for its reviving and nutritive qualities whe 
moderately. 

If we examine the wine produced by this firft f 
tion, we (hall find that it differs entirely and effenti 
the juice ot grapes before fermentation, its fweet 
charine tafte is changed into one that is very < 
though ftill agreeable, and fomewhat fpirituous and 
It has not the laxative quality of muft, but affe&s 
and occafions, as is well known, drunkennefs. 
if it be diftilled, it yields, inftead of the infipid v 
tamed from muft by diftillation with the heat o 
water, a volatile, lpirituous, and inflammable liqu 
/pint of wirtiy or ar<Unt fpiriu This fpirit is con: 
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being, produced by the kind of fermentation called 
'Ous or fpirituous . See Spirit (Ardent). 
on one fide, the liquors fufceptible of the fpirituous 
tation contain chiefly a fweet oil rendered mifcible 
^ter by means of an acid ; and as, on the other fide, 
lor produced by the fpirituous fermentation is inflam- 
but ftill mifcible with water, and confequently 
fed of a watery and inflammable principle ; we may 
►erceive, that the work of nature chiefly confifts in 
iting, dividing, and volatilifing the oily parts of fer- 
de matters, and in combining thele intimately with 
tcry principle. But by what mcchanifm does nature 
: this change? In what does attenuation of the oily 
'ecifely con lift ? In what proportion is this oil, or 
s inflammable principle, united with the watery prin- 
i the compofition of ardent fpirit ? Thefe are myfteries 
ire that are ftill entirely hid from us, and which we 
eafily explain. Without entering, therefore, into 
llation concerning the production of ardent fpirit, 
ill proceed in the hiftory of fpirituous fermenta- 

sn any liquor undergoes the fpirituous fermentation, 
parts ftem not to ferment at the fame time, otherwife 
nentation would probably be very quickly compleated, 
e appearances would be much more ftriking : hence, 
}uor much difpofed to fermentation, this motion is 
juick and fimultaneous than in another liquor lefs 
d. Experience has (hewn, that a wine, the fermcn- 
of which is very flow and tedious, is never good 
?ry fpirituous ; and therefore, when the weather 
cold, the fermentation is ufually accelerated by 
* the place in which the wine is made. A pro- 
which I think is a good one, has been made by a 
very intelligent in economical aftairs, to employ a 
than the ufual heat to accelerate the fermentation of 
in thofe years in which grapes have not been fuffi- 
ripened, and when the juice is not fufticiently dil- 

0 fermentation. 

x>haftyand violent fermentation is perhaps alfo hurt- 
om the diflipation and lofs of fome of the fpirit : but 

1 we are not certain. However, we may diftinguifli, 
ordinary method of making wines of grapes, two 

> in the fermentation, the firft of which lafts during 
pearance of the fenfible effects above-mentioned, in 
the greateft number of fermentable particles do fer- 
X 3 ment. 
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ment. After this firft effort of fermentation, thef 
fenfibly diminifh, and ought to be (topped, for reafoi 
after to be mentioned. The fermentative motion 
liquors then ceafes. The heterogeneous parts th 
fufpended in the wine by this motion, and which 
it muddy, arc feparated, and form a fediment ca 
lees; after which the wine becomes clear: but a 
the operation be then confidered as finilhed, and 
mentation apparently ceafes, it docs not really ceafe 
ought to be continued in fome degree, if we wou 
good wine. In this new wine a part of the liquor 
that has not fermented, and which does afterwards 1 
but fo very (lowly, that none of the fenfible effo 
duced in the fird fermentation are here perceived 
fermentation, therefore, continues dill in the wine, 
a longer or (horter time, although in an impel 
manner ; and this is the fecond period of the fpiritu 
mentation, which may be called the imperceptible J 
tiou. We may eafilv perceive, that the effedt of i 
perceptible fermentation is the gradual encreafe 
quantity of fpirit in wine. It has alfo another < 
lefs advantageous, namely, the feparatior. of a falir 
earthy matter, called tartar y from the wine. Thf 
is therefore a fecond fediment that is formed in ti 
and which adheres to the (ides of the containing 
As the tade of tartar is har(h and difagreeable, it h 
that the wine, which, by means of the infenfible 
tation, has acquired more fpirit, and has difengag 
of the greated part of its tartar, ought to be muc 
and more agreeable ; and for this realon chiefly, ol< 
univerfally preferable to new wine. v 

But infenfible fermentation can only ripen and r 
the wine, if the fenfible fermentation has regul; 
* ccedcd, and has been dopped in due time. W 
certainly, that if a diffident time has not been allc 
the fird period of the fermentation, the unfermentc 
that remains, being in too large a quantity, will ther 
in the bottles, or clofc veffels in which the wine is 
will occafion effefls fo much more fenfible, as 
fermentation (hall have been fooner interrupted 
thefc wines are always turbid, emit bubbles, and fc 
break the bottles, from the large quantity of air an 
that are difengaged during the fermentation. Wc 
in (lance of thefe effects in the white wine of Cha 
and in others of the fame kind. The fenfible fern 
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efe wines is interrupted, or rather fupprcfled, that they 
have this fparkling quality. It is well known that 
wines make the corks fly out of the bottles, that they 
:le and froth when they are poured into glafles, and, 
r , that they have a tafte much more lively and more 
ant than wines that do not fparkle ; but this fparkling 
ty, and all the effe&s depending on it, are only caufed 
confiderable quantity of air which is difengaged during 
onfined fermentation which the wine has undergone in 
veflels. This air, not having an opportunity of 
>ing, and of being diflipated as faft as it is difengaged, 
being interpofed betwixt all the parts of the wine, 
sines in fome meafure with thefe, and adheres in the 
manner as it does to thofe mineral waters that are called 
tuous, in which it produces nearly the fame effects, 
m this air is entirely difengaged from thefe wines, they 
>nger fparkle, they lofe their piquancy of tafte, become 
, and even almoft infipid. 

ich are the qualities that wine acquires in time, when 
irft fermentation has not continued fufficiently long, 
fe qualities are given purpofely to certain kinds of wine, 
idulge tafte or caprice ; but fuch wines ought not to 
aily drank. Wines for daily ufe ought to have under- 
: fo compleatly the fenfible fermentation, that the fuc- 
ing fermentation fhould be inlenfible, or, at leaft, ex- 
ingly little fenfible. Wine, in which the firft fermen- 
n has been too far advanced, is liable to worfe incon- 
ences than that in which the firft fermentation has been 
quickly fupprefled ; for every fermentable liquor is from 
lature in a continual fermentative motion, more or lefs 
lg, according to circumftances, from the firft inftant of 
fpirituous fermentation, till it is compleatly putrefied : 

:e from the time of the completion of the fpirituous 
mentation, or even before, the wine begins to undergo 
icid or acetous fermentation. T his acid fermentation is 
flow and infenfible when the wine is included in very 
2 veflels, and in a cool place; but it does gradually 
mce, fo that in a certain time the wine, inftead of being 
iorated, becomes at laft four. T his evil cannot be 
edied, becaufe the fermentation may advance, but 
lot be reverted. Wine-mcrchants, therefore, when 
r wines become four, can only conceal or abforb this 
ity by certain fubftances, as by alkalis and abforbent 
hs. But thefe fubftances give to wine a dark-grecnifti 
>r, and a tafte, which, though not acid, is fomewhat 
X 4 dilagreeable. 
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difagreeable. Befides, calcareous earths accelerate 
fiderably the total deftrudlion and putrefaction of the i 
Calxes of lead, having the property of forming with th< 
of vinegar a fait of an agreeable faccharine tafte, which 
not alter the color of the wine, and which beiides ha 
advantage of flopping fermentation and putrefaction, 1 
be very well employed to remedy the acidity of wii 
lead and all its preparations were not pernicious to h< 
as they occafion mofl terrible colics, and even death, 
taken internally. We cannot believe that any wine- 
chant, knowing the evil confequences of lead, (hoult 
the fake of gain, employ it for the purpofe mentioned 
if there be any fuch perfons, they muft be confidered s 
poifoners and murderers of the public. 

If wine contains litharge, or any other calx of le; 
may be difcovered by evaporating fome pints of it to dr] 
and melting the refiduum in a crucible, at the bottc 
which a fmall regulusof lead may be found after the ft 
but an eafier and more expeditious proof is by pourinj 
the wine fome liquid liver of fulphur. If the preci 
occafioned by this addition of the liver be white, oi 
colored by the wine, we may know that no lead is 
tained : but if the precipitate be dark-colored, brow 
blackifh, we may be certain that lead is contained. 

The only fubftances that cannot abforb or deltroy 
cover and render fupportable the fharpnefs of wine, wi 
any inconvenience, are fugar, honey, and other face! 
alimentary matters ; but they can fucceed only whe 
wine is but very little acid ; and when an exceeding 
quantity only of thefe fubftances is fufficient to produi 
defired effeCt ; otherwife the wine would have a fw< 
tart, and not agreeable tafte. 

From what we have faid concerning the acefcencyof 
we may conclude, that when this accident happens, itc 
by any good method be remedied, and that nothing re 
to be done with four wine but to fell it to vinegar-m 
as all honeft wine-merchants do. We may obferve, 
the firft fenfible fermentation having been too far adva 
is not the only caufe of the acidity of wine, but 
heat alfo is capable of producing the fame effeCt. 
wine, which might have been long preferved in a 
place, very quickly becomes four, when placed in 
cellar; and even as the beft cellars have during the t 
a degree of heat much fuperior to that of the atmof] 
it would be very proper, when wine difpofed to b< 
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is to be preferved, to bring it from the cellar in the 
ining of winter, and leave it expofed to the air during 
lat feafon. 

r ine is alfo liable to other changes ; as, to become 
and mucilaginous, by the continuance of the fermen- 
: motion : but we cannot profecute thefe details in a 
: of this kind. Befidcs, the fpirituous fermentation, 
its confequences, ftill require a further examination, 
h we hope will be performed in a fatisfa&ory manner, 
feveral Academies, fenfible of the importance of the 
:cfc, have offered prizes for difeoveries relative to it. 
that we can at prefent fay is, that the fundamental 
:iples from which we may deduce a more accurate 
vledge on this fubjeCt, may be difeovered by deter- 
ng with what degree of heat, and during what time, 
irft fenfible fermentation of mult ought to be promoted, 
the moft fpirituous and belt keeping wine may be 
ined. I confefs that this object is very extenfive, and 
difficult to be known in a general manner, confider- 
Eow variable thefe things are, and what differences, 
aps greater than we now imagine, there ought to be, 
rding to the nature of the muft, which varies exceed- 
y in different countries, and at different times. Expe- 
ce and obfervation have already inftru<Sed makers of 
; in many things relative to this fubjeCt ; but much yet 
ains to be determined, which is not within the reach of 
nary country people, or even of the proprietors of the 
t vine-yards. 

Vine, and the matters produced from wine, as brandy, 
it of wine, vinegar, lees of wine, tartar, are greatly 
extenfively ufeful. The lees of wine are employed in 
manufacture of hats. Thefe lees, and alfo tartar by 
neration, yield a larger quantity than any other vege- 
le matter of pure fixed alkali. See the articles Aqua 
tje, Spirit of Wine, Tartar, and Vinecar. 

Vine has been preferred in all times and in all countries 
;very other alimentary liquor. We may fay in general, 
t it is good and falutary when taken in fmall quantities, 

1 that it is pernicious when drank habitually, and in 
large quantities. Wine becomes then a true flow 
fon, which is fo much more dangerous, as it is more 
eeable. But if we obferve more particularly the effects 
wine, we fhall perceive very great differences depending 
different conftitutions. Some perlons drink habitually 
je quantities of pure wine, without any fenfible incon- 
venience 
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ycnience or difeafe, or (hortening their lives : but, 
contrary, many others do alfo entirely deftroy their 
and {horten their lives, by an habitual ufe of wine 
fmall quantity, and mixed with water. Althoug 
always more fafe and prudent for every perfon tc 
little of it habitually, this moderation is more indifp 
jieceflary to thofe whofe conftitutions wine does not 
As the difeafes confcquent upon the too free ufe < 
come gradually and infenfibly, fometimes even durin 
years, feveral perfons, efpecially men, otherwife ver 
and attentive to health, are every day deceived up< 
article, drinking more wine than is fuitable to the 
ftitution, and gradually ruining their health without 
ing the caufe. It is therefore a matter of import 
(hew the figns by which wine may be known to be 1 
We may know that wine does not fuit a perfon, whe 
drinking moderately of it, his breath acquires a 
fmell ; when it occafions four belchings and fligh 
in the head $ and when, after drinking it more cc 
than ufual, it produces ftupefaction, naufea, and dr 
nefs, efpecially when this drunkennefs is of the i 
peevifh, quarrelfome, and irafciblc kind. Unhapp) 
perfon who fuffcrs thefe effects from wine, and n< 
Handing contracts and perfiffs in the habitual uf< 
Thefe imprudent perfons do never fail of comir 
miferable death, preceded by languor, and pren 
their common age being about fifty years, or a littli 
The difeafes to which they are molt fubjedt are obfti 
in the liver, in the mefenteric glands, and in other abc 
vifeera, which are almoft always fucceeded by an in 
dropfy. Thofe who digeft wine well, do not fu 
much lefs fenfibly, the above-mentioned effedts of d 
it. Their drunkennefs is accompanied with vivac 
joy. Such perfons fcldom die of the obfirudtic 
dropfy above-mentioned : but wine is neverthelefs f 
more dangerous to them, that as they fuffer none of 
agreeable effects, they are more liable to contract tl 
of drinking too much. Drinkers of this clafs gi 
live fomewhat longer than the former j but their c 
Cion generally changes before fixty years of age ; 
inheritance of their old age is either a fevcrc gout o 
ftupidity, imbccillity, or an accumulation of thefe < 
We need not mention that the too frequent ufe of 
ratafia, and of other fpirituous liquors is ftill mu< 
pernicious and fatal than of yvine. 
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r ine is ufed in medicine as a vehicle in the competition 
lany internal and external remedies. As wine is com- 
i of an ardent fpirit, water, extractive faponaceous 
er, and acid of tartar, it may be very ufcfully employed 
:he extraction of almoft all the proximate principles, 
confequently of the medicinal parts, of vegetables, 
ly extra&s are made with wine, which may be confidercd 
eing more compleat than thofe made with water : but 
icians who prescribe thefe cxtra&s ought to remember, 

, befides the principles of the vegetables, they alfo 
:ain the extractive part of the wine, that is, all tho 
ciples of wine, excepting the ardent fpirit, which is too 
tile to remain in an extract. 

s wine, when 'good, may be preferved during a long 
:, feveral medicinal wines prescribed in Difpenfatorics 
dept in the fttops of apothecaries. Such are the aflrm- 
antifcorbutic, febrifugal wines of the Peruvian bark, 
ivormwood, chalybeate wine, and others. In many 
s, as in feveral chronical difeafes, where tonic, cordial, 
ifying and exciting remedies are indicated, phyiicians 
er the ufe of wine to water, as a vehicle for the in- 
Dn of purgative, aperitive, ^nd other medicinal fub- 
ces. 

VO AD. (n) 

WOLF- 

n) Woad. Dr. Lewis, in a note to his edition of Neuman’* 
smical Works, gives the following account of woad. 

Voad, ifatis , glaftum , is a plant with long green leaves ; the 
er ones narrow at both ends ; thofe which grow upon the ltulk 
broad at bottom like an arrow-head. On the tops come 
;h numerous yellow flowers, which are followed by little flat 
Is containing the feeds. It grows wild in fome parts of France, 

1 on the co^fts of the Baltic Sea : the wild woad, and that 
ich is cultivated for the ufe of dyers, appear to be the fame 
cies of plant. The preparation of woad for dying, as prac- 
d in France, is minutely deferibed by Ailruc, in his Memoirs 
a Natural ttiftory of Languedoc. The plant puts forth at 
t five or fix upright leaves, about a foot long and fix inches 
>ad : when thefe hang downwards, and turn yeiiow, they are 
for gathering: five crops are gathered in one >ear. The leaves 
: carried direttly to a mill, much refembling the oil or tan- 
lls, and ground into a fmooth pafle. If this procefs was de- 
red for fomc time, they would putrefy, and fend forth an in r 
portable flench. The paftc is laid in heaps, prefled dote and 
ooth, and the blackifli crufl, which forms on the outfide, rc- 
ited if it happens to crack : if this was neglc&ed, little worms 

would 
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would be produced in the cracks, and the woad would Jofe ap 
of its ftrength. After lying for fifteen days, the heaps are open 
the cruft rubbed and mixed with the infide, the matter forn 
into oval balls, which are prefled clofe and folid in wooc 
moulds. Thefe are dried upon hurdles: in the fun, they tt 
black on the outfide; in a clofe place, yellowifli, efpeciall) 
the weather be rainy : the dealers in this commodity prefer i 
firft, though it is faid the workmen find no confiderable difFerei 
betwixt the two. The good balls are diftinguiflied by th 
being weighty, of an agreeable fmell, and when rubbed, ol 
violet color within. For the ufe of the dyer, thefe balls requ 
a further preparation : they are beat with wooden mallets, 01 
brick or ftonejfloor, intoja grofs powder ; which is heaped up 
the middle of the room to the height of four feet, a fpace bei 
left for paffing round the fides. The powder, moiftened w 
water, ferments, grows hot, and throws out a thick fetid fun 
It is lhovelled backwards and forwards, and moiftened every d 
for twelve days ; after which it is ftirred lefs frequently, with< 
watering, ar.d at length made into a heap for the dyer. 

The powder thus prepared gives only brownilh tindfcures, 
different fhades, to water, to rectified fpirit of wine, to volat 
alkaline fpirits, and to fixed alkaline lixivia: rubbed on pap 
it communicates a green ftain. On diluting the powder w 
boiling water, and after ftanding fome hours in a clofe veil 
adding about one twentieth part of its weight of lime nev 
flaked, digefting in a gentle warmth, and ftirring the whole i 
gether every three or four hours, a new fermentation begins, 
blue froth arifes to the furface, and the liquor, though it appe; 
itfelf of a reddilh color, dyes woollen of a green, which, like t 
green from Indigo, changes in the air to a blue. This is one 
the niceft procefles in the art of dying, and does not well fi 
ceed in the way of afmall experiment. 

Aitruc propofes the manufacturing of frefh woad leaves in E 
rope, after the fame manner as the Indigo plant is manufaCtur 
in America; and thus preparing from it a blue fecula fimilar 
indigo, which from his own experiments he has found to be pra 
tic able. Such a management would doubtlefs be accompani 
with fome advantages, though poffibly, woad fo prepan 
might lofe thofe qualities which now render it, in a lar 
bulinefs, preferable on fome accounts to indigo, as occafionii 
greater difpatch when once the vac is ready, and giving out : 
color lefs haftily, fo as to be better fitted for dying very lig 
fnades. 

( o ) Wolfram, Spuma lupi , is a very refradtory mineral of 
black or dulky color, cryftallized in form of cubes, ftriae, or oth 
determinate ihape, and confifting of fhining plates. Its appea 

an 
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00L (PHILOSOPHIC). This is a name 
i by ancient chemical or alchemical authors to flowers 
nc. See Flowers of Zinc. 

ORMWOOD. (p) 


ELLOW. (q) 

is fimilar to the ore of tin, called tin-grains or cryftals of tin : 
t is frequently found in tin-mines. It is fo hard that it can 
fparks from deck When powdered, it is red. Walleriu* 
ier* it as an ore of iron mineralifed by arfenic, which fome- 
contains tin. According to Crondedt, it is a kind of mag- 
or manganefe, containing a Imall portion of iron and of 

) Wormwood. The leaves of wormwood are intenfely 
', and have a drong fmell, fomewhat of the aromatic kind. 
r yield in diftillation a confiderable quantity of eflential oiL 
dark greenifh color pofleffing the whole of their fmell, the 
r matter remaining in the extract. Neuman. 

) Yellow. A yellow dye may be made from indigo in the 
wing manner. 

ake half an ounce of powdered indigo, mix it in a high glafs 
l with two ounces of drong fpirit of nitre, previoufly di- 
1 with eight ounces of water. Let the mixture dand for a 
c, and then diged it in a fand-bath for an hour or more, and 
four ounces more of water to it ; filter the folution, which 
be of a fine yellow color. Strong fpirit of nitre is apt to fet 
to indigo, and on that account it mud be diluted with water. 

:> ounces and a half of drong fpirit of nitre, or lefs highly con- 
rated, will fet fire to half an ounce of indigo. The reafon of 
ing it Hand a week before the digedion, is to prevent its 
hing up. 

)ne pare of the above folution mixed with four or five parts of 
er will dye cloth or filk from the paled yellow color to the 
peft, by letting the duffs boil more or lefs in the color. The 
ition of alum makes the color more lading. 

Cochineal, Dutch litmus, orchel, cudbear, and many other 
wing fubdance3 treated in the manner as indigo is in the 
we receipt, will all dye lilk and wool of a yellow color. 

Dloth and fiik may be dyed green with indigo, by boiling firft 
the yellow and then in the blue. 

Experiments on Aurum Mofaicum by Mr. P. Woulfe. Phil . 

vt/, 6 1 . 
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ZAFFRE 

Z AFFRE, or SAFFRE. Zaffire is the rdjdi 
cobalt, after the fulphur, arfenic, and other 
tile matters of this mineral have been expelled by a 
tion. It is therefore a kind of calx of cobalt* of a c 
rcddifh color. The ufe of cobalt is to produce a ve 
blue color, when it is melted with fufible and viti 
matters. — 

This blue color produced by the vitrification of 
proceeds from the earth or calx of a femi-metailic fufc 
contained in cobalt, called by chemifts, r eg ulus of 
This is proved by melting zaffre with a reducing flu?! 
any other roafted ore j by which means the above-men 
femi-metallic regulus of cobalt will be obtained, 
fcoria in this fufion has alfo a blue color» which pr< 
from a port ion of the calx of this regulus that is n6t rec 
but is vitrified along with the l'coria. 

The calx, therefore, or metallic earth of the regu 
cobalt, is the foie caufe of the blue color produced by: 
But as the quantity of regulus contained in Cobalt is 
able, therefore fame zaffres furnifh more blue than c 
The heterogeneous, fixed matters contained m Cc 
contribute, according to their quantity, not only t 
greater or lefs intenfity of the blue color, but alfo 
luftre and beauty. For which reafon thofe who r 
fa&ure zaffre from cdbalt make frequent eflays c 
roafted ore, by mixing it with vitreous matters to dil 
the intenfity and beauty of the blue color. 

Good cobalt calcined would form too deep a blue 
almoft a black glafs, if it were not previoufly i 
with a certain quantity of vitreous fritt. Iri the n 
fa&ure of zaffre, therefore, the calx of cobalt, the fir 
of which has been previoufly determined by Efliys, is i 
with fuch a quantity of land, or of powdered flint 
quartz, that with the addition of fome ialine flux, a 
blue glafi may be formed. 

The zaffre that is commonly fold, and whicli c 
from Saxony, is a mixture of calx of cobalt with 
vitrifiable earth, as we have faid. It is. of a grey < 
as all calxes of cobalt are before vitrification. Some z 
arc dearer than others, according to the intenfity c 
color which they are capable of producing. ZafiPf* fc 
ployed in the manufa&ure of pottery and of portt 
for painting the furface of the pieces of ware, upon v 
it is applied together with fome faline flux, previou 
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»king of glazing, that the fame fire may alfo vitrify 
>loring material* 

e blue of zafFre is the mod folid and fixed of all the 
that can be employed in vitrification. It fuffers 
lange from the mod violent fire. It is fuccefsfully 
>yed to give (hades of blue to enamels, and to the 
l-glafTes made in imitation of fome opake and tranfpa- 
>recious ft ones, as the lapis lazuli, the turquois, the 
e, and others of this kind. See the articles Azure, 
it, Ink (Sympathetic), and Smalt. 
iOLITES. (a) 

ZINC. 


Zeolites. This name is given “by Mr, Cronftedt to a 
lefcribed by him in the TranfaQions of the Academy of Sciences 
:kbclm for the year 1756, the peculiar properties of which 
nduced that mineralogift to connder it as forming a diftinft 
of earths, called zeolites . The properties of this Hone or 
f earths, are the following. 

[t is a little harder than the fluors, and calcareous fpars. Ic 
>e fcratched by Heel, from which it doesmot elicit fparks: 

It may be eafily melted by heat without addition^ ftttd a 
frothy flag, which not without great difficulty can tp Peft- 
folid and tranfparent. Cryftallized zeolites, when melted, 
as borax docs. ' 

It may be difiblved in the fire more eafily by mineral alkali 
>y borax or by the fufible fait of urine. 

It does not eifervefce with the fufible fait of urine, as calca 
Hones do ; nor with borax, as gypfeous Hones do. 
ItdiiTolves very (lowly,- and without effervefcence, in acido, 
oil of vitriol, and lpirit of nitre. When concentrated vi- 
: acid is poured on powdered zeolites, a heat arifes, and the 
er is changed into a gelatinous mnfs. 

In the very moment of fofion it gives a phofphoric light, 
olites has been found only in an indurated ftate. It is either, 
lfiHing of particles of no determinate form ; or, 2 . /parry ; or, 
ftallized . 

e zeolites that con (ids of particles of no determinate form, 
iher fare and .white; [or it is mixed •with filver and iron; 
1 latter kind is of a blue color, and, is commonly called lapu 
t. See Lapis Lazuli. 

ie fparry zeolites refembles calcareous fpar, but is more 
e. This is of a light red, or. orange color. * 
y ftallized zeolites. Groupes of cry Hals of zeolites are found 
rm of white or yeHowlballs confining of many pyramids the 
« of which unite in the center ; or of white prjfms with trim- 
i angles ; or of white capillary cryftals. 

Zeolites 
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ZINC. Zinc is a femi-metal, of a brilliant ' 
color, approaching to blue. It is the leaf! brittle o 
femi-metals $ and when well furnifhed with phlog 
which may be affected by treating it with inflamr 
matters in a clofe vcflel, it pofTefles a femi-du&ilit] 
means of which it may be flattened into thin plates. 

This property, joined to its hardnefs, which is 
confiderable, renders it incapable of being pulverifed 
the other femi-metals ; therefore, when it is required 
divided ftate, it muft be melted and granulated, or : 
like metals. 

The fpccific gravity of zinc is nearly the fame as th 
regulus of antimony ; that is to fay, it lofes in water a 
a ieventh part of its weight, (c) 

This femi-metal is not eafily calcined or covered 
ruft by the action of the air ana of water : in this refpc 
refemWes tin. It is lefs fufible than tin and lead, 
does not melt till it is almoft red-hot. When it only fu 
the degree of heat neceflfary for its fufion, its furfa< 
calcined and reduced to a grey calx, eafily reducible 
tbofcof tin and other fufible metallic fubftances. But wh 
ft expo fed to a heat approaching to a white-heat, it fiat 
and during this inflammation it exhibits a very beau 
and ftriking appearance. The flame of zinc is infin 
more lively, more luminous, and more brilliant, thar 
flame of any other inflammable matter. It is of a dazz 
white, and is fo vivid as to be infupportable to the fi 
This flame cannot be attributed to any fulphur w 
might be fuppofed to remain united with the zinc, 
we fhall fee that this femi-metal cannot be united ' 
fulphur ; but merely to phlogifton, which in zinc is 
combuftible. This ardent deflagration is a moft fen 
proof of the prefence of this principle in metallic 
itances. 

Zeolites has in the fire nearly the fame properties as boles l 
See Stockholm's Tran/, for the year 1755, and Cronftcdt'sh 
ralogy , §. 108. 

(b ) Zinc when broken appears of many flat, fhining plate 
facets* which are larger when flowly than when hallily coc 
When heated, it is very brittle. Like tin, it makes a crack 
noife when it is bent. 

fc ) According to Mufchenbroek’s Table of Specific Gravi 
Indian zinc is to water as 7.1401 to 1 : and zinc of Goflar: 
7. 21$ to 1. 
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ie deflagration of zinc is fo violent, that the earth 
is femi-metal, although naturally very fixed, like 
if aimed all metallic fubdances, is railed in form of 
finoke, which is condenfed, and floats in the air like 
(locks. Thefe are called flowers of zinc , and philofopht - 
ol . See Flowers of Zinc. 

ric being the mod combudible of all metals, detonates 
violently than any other metal with nitre* From 
hitenefs and brilliancy of the flame produced by this 
ition, it has been employed with very good effecd as 
^redient in compofitions for fire-works. 

acids are capable of didolving zinc. Six parts of 
vitriolic acid diluted with dn equal weight of water can 
r e entirely, by help of gentle heat, one part of zinc, 
leutral fait resulting from this folution is cryftallizable; 
s called white vitriol , or vitriol of zinc . See a defer ip- 
' the method in which this vitriol is made at Goflar } at the 
Smelting of Ores k 

ic has a drong affinity with vitriolic acid. It appears 
re a drongcr than any other metallic fubdance : for 
:ans of this femi-metal the vitriols of copper and of 
may be decompofed. It feparates thefe metals from 
triolic acid* to which it unites and forms a white 
. But what is remarkable, is, that notwithdanding 
reat affinity of zinc with vitriolic acid, the vitriol of 
is decompofed, and its acid feparated by lefs heat 
he martial vitriol, as Junker affirms in the nrd volume 
; Confpeftus Chymia. If this experiment fucceeds, as 
bly it does, we mud refer the caufe of it to the particular 
of the inflammable principle in zinc and in iron. All 
roperties of thefe two metallic fubdances fliew that 
abound in phlogidon, and therefore vitriolic acid 
; with them preferably to any other. But, at the fame 
this phlogidon is in thefe metals much unfolded and 
y combined* which is undoubtedly the caufe, that 
cutral falts which they form with the vitriolic acid 
>e decompofed by the a<dion of fire. For the phlo- 
i of thefe metals adhering but (lightly to their earth, 
be more eafily combined with the vitriolic acid, and 
averting this acid into volatile vitriolic, or ful- 
ous acid, may dill more facilitate its feparation. 
t as the inflammable principle of zinc is more abundant, 
nore (lightly engaged than that of iron, zinc ought 
lite with vitriolic acid preferably to iron, and the 
1 of zinc ought to be decompofed by fire more eafily 
the vitriol of iron. 

>L.III. Y When 
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UTcn white vitriol is diftilled by violent beat, 
the lame ph nomcna happen as when martial vit 
cliihillc J. Towards the end of the diftil Union of 
vitriol, a vitriolic acid arifes, dcphlcgmated, thouo 
fulphuieous. This acid, added to common concc, 
vitriolic acid, produces as much heat as water woul 
dc re if added to the fame concentrated acid. 

Zinc may alfo be dilTblved in the nitrous and 
acni>. But this latter acid does not touch a black 
which fe pa rau s from the femi-metal during its fc 
M. He! lot, who has examined the phenomena of th 
tion as well as thofe of the folutions of this fern 
in the vitriolic and nitrous acids, has afeertained tl 
black matter is not mercurv, and that it cannot < 
reduced into a metallic fubihmcc. ( r.) 

Zinc may be allayed or mixed with all metallic ful 
c\cj j'ting lijn. nil- f e). If thele two metals be melted tc 
tn-.y wiil he iound lvprrntcly at the bottom of the cr 
the zinc, being the lighter, lyin r . r above the bifmuth, 
allay of zinc with non is clLeled difacultlv; bi 
with copper luccccds well, and is much uled, on : 
of a lingular property which zinc has of uni tin 
copper in a ern fid crab! c proportion, as, for iniLtm 
part of zinc to four cr three pares of copper, ^ 
much diminution of the clueliiity of copper. Zin 
to copper renders this metal lefs iubjcct to rud, an 
to it a yellow color reiembling that of gold. This 
fo allayed with zinc is called bra/s or fatten. See Br 

The color of brail; approaching to that of gold, 
duccd chcmifts to fenreh ior the means of commit! 
to copper the true color of gold; and they have 2 
fucec' ded in the compofitions or allays called toniba * 
lor , Pinchbeck, and Prince's racial. Bcccher had lai 
equal parts of copper and zinc mixed together gave 
to the touch-done like that of the gold from the 
Stahl remarks that the proportion of zinc mcnti< 
Becchcr is too great, but does not determine wh 
proportion ought to be. Since that time, the due 
tion has been investigated, and fevcral fine imitat 
nold have been found. The Knglifh were the fij 
fjcccedcd, and they called their invention Prince. 
or Prince Rupert's niezul. 

(4) Neuman fays, that this black natter was feparate< 
the h/utioi. of this femi-metal in vitriolic and in marii 
;v:d that two or three days afterwards it was re- diflolved. 
pc) Li cannot be allayed with the iemi-Hietal called nil 
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e perfect ifcnitations of gold have been lately made 
:roix and Leblanc; each of whom produced a me- 
mixture, one of which excelled in ductility, and 
ler in color. But thefe artifts have not revealed their 
es. M. Geoffroy has made with this view many ex- 
nts, the detail of which may be feen in the Memoirs 
Academy for the year 1725. It appears from thefe 
ments, that the remark, made by Stahl, that an equal 
tyof zinc is too much, was very juft, with regard to 
ictility of the allay, but that equal quantities pro- 
the fineft color. We may neverthelefs obferve, that 
per requires a ftrong heat to keep it fu fed, and as 
s very volatile, thefe two fubftances cannot be mixed 
it lofs, both of the copper, fome of which is calcined, 
f the zinc, a part of which is burnt and diflipated 
nes. Hence it follows, that after the mixture is 
the proportion betwixt the two metals is not certain, 
fome experiments which I have feen, I can fcarcely 
fuaded that a fine-colored mixture can be obtained, 
rticularly of a deep enough yellow, if as much zinc 
per actually remained. If) 

muft alfo obferve, that in order to have a fine-colored 
uctile metallic mixture of this kind, it is neceflary, 
ling to Mr. Cramer, to ufe the pureft zinc. The 
tuthor fhews the means of purifying it, and of afeer- 
g its purity* This method is founded on the rc- 
ble property which zinc has of being incapable of 
gwith fulphur (g). Therefore, to purify this femi- 
from the allay of other metals, it is neceflary to 
upon it, when melted in a large crucible, fuet and 


One part of zinc is faid to be capable of deftroying the duc- 
>f a hundred parts of gold. An allay of equal parts of 
ad gold is very hard, white, capable of receiving a fine po- 
nd not fubjeft to ruft or tarnifh : hence it is propofed by 
Falouin as a good material for making fpecula of telcfcopes. 
jives hardneis to tin, and is therefore added in fome com- 
ns.ror making pewter. 

Mr. Cramer fays that zinc does not eafily unite with ful- 
but that if it remains long in a moderate fire, and be co- 
over with fulphur at feveral times, and continually flirred 
poker, it will be at laft changed into a very brittle, dark- 
i fubftance. I fufpett that the iron of the poker contri- 
to this anion of zinc with fulphur, for I have never been 
> unite fulphur with pure zinc, when I ftirred them with a 
o-pipe. 

Y 2. fulphur 
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fulphur alternately, and the latter in larger quan 
the former. If the zinc is pure, the fulphur burns 
its furface \ but if it is allayed, the fulphur combine 
other metals, and forms with them a kind of fcoria v* 
be taken off. This alternate proje&ion of fuet ar 
upon zinc is continued till the fulphur be burnt o 
fact of the melted zinc without forming any fc 
zinc thus purified, may be fuccefsfully employed f 
of brafs or metallic mixtures in imitation of gold. 

The affinities of zinc are, according to Mr. 
Table, in the following order : Copper, iron, fib 
tin, and lead. This lafl is faid to be only parcb 
with zinc. Sulphur might be fo placed in this 1 
to fhew its incapacity of uniting with zinc. 

The chief ule of zinc is as an ingredient in tl 
fit ion of brafs. M. Malouin, who, in his Mem 
.Zinc, has mentioned feveral properties of this fi 
which he finds analogous to thofe of tin, relates 
Memoirs fome experiments which he made wltl 
rn order to fubftitute zinc for tin, in the opera 
iron plates, & c. called tinning. As all the propert 
iemi- metal are not yet dilcovered, it may perhaps 
after found applicable to other ufes. (h) 

(h) Some authors, as Wallerius and Cronftedt, 
filings of zinc are attracted by magnets. I have not b< 
obferve this property. 

Zinc unites more ftrongly to acids than any other r 
even fome earths. Mr. Pott fays, that it precipitates 
bafis from a folution of alum ; and that zinc cannot be p 
from aqua-fortis by crabs eyes. He alfo fays, that 
precipitated by volatile alkali, but that this precipitate 
re-diffolvcd. 

The fame author faVs, that zinc, bv being conv 
flowers, acquires an additional weight, equal to T \>th j 
femi-metal employed. 

Mr. Malouin relates, that zinc being melted fix time 
fufion continued hours each time, it became more 
> hard, brittle, unfufible, and uncalcinable. He fays 
color became grey after the fccond fufion, brown after 
black after the fourth, blue like a flate after the fifth, : 
violet -color after the iixth. 

Concerning the ores and eflhy of ores of zinc, fti 
Z inc; and concerning the methods of extracting large 
of this femi-metal from its ores, fit Smeltino of C 
PlaTS 11 . f:g. 1 j, and 11 , with the explanations. 

FINIS. 
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PLATE I. 

X. A Retort. See alfo Fig* 12. A. where the bed 
JX, form of a Retort is (hewn. 

A, Its belly or bowl. 

B, Its neck. 

2. Retorts of this form are called Englijb Retorts . 

3. A Glass Alembic. 

A, The cucurbit. 

B, The head. 

C, The gutter within the head. 

D, The beak. 

4. A Long-Necked Glass Alembic. 

A, The body of the matrafs. 

B, The neck of the ir.atrafs. 

C, The head of the alembic. 

5. A Glass Alembic confijling of one Pie#. 

A, The cucurbit. 

- Bi The head. 

C, The aperture in the head. 

D, Its (topple. 

E, The mouth of the cucurbit. 

. 6, A Pelican. 

A, The cucurbit. 

B, The head. 

C, The aperture in the head with its (topple* 

D, The two curved fpouts. 

. 7. A Row of Aludels. 

Y 3 Tig. 
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EXPLANATION OF PLATE I. 

Fig. 8. A Copper Alembic. 

A, The body or cucurbit. 

B, The neck:. 

C, The head. 

D, The beak, nofe, or fpout. 

E, The refrigeratory or cooler. 

F, Its cock. 

G, 'I'he receiver. 

Fig. 9. A Muffle. 

Fig. 10. A perpendicular fed ion of a Cuppel or T] 
The curve line rtprefents the cavity that contains 
metal. The plan or any horizontal feet ion of a cupp< 
a circle. 

Fig. 11. Ax Ingot-Mould, into the cavities of wl 
melted metals are poured. 

Fig. 12. Ax Apparatus for Distilling, by wl 
the vapors that ufually efcape in the ordinary methot 
diftillation, are condenfed by palling into water or f 
other fluid. This apparatus was invented and deferibed 
by Mr. Peter Woulfe. See the Phil . Tranf VoL I.V1I. 

A, A retort. Inflead of this retort, in the diftillatio 
fome fubftances, may be fubflituted an iron pot wit 
itonc-warc head, the neck of which is to be inferted 
the receiver,' as in the prefent Figure. 

B, A receiver, with a neck, into which the neck of 
retort is to be inferted ; and a fpout at its bottom, thre 
which the diftiJled liquor pafles into the bottle C ; 
an opening in the fide at D, into which one end of a 1 
bent at right angles is inferted. T he other end of this 1 
pafles into a veflel H, open at both ends, the 1c 
opening of which is doled with a glafs ftopple. Thrc 
the upper mouth of the vellcl H, one end of another tul 
bent twice at right angles, pafles, while the other end of 
tube is inferted into a bottle F, and immerfed in the wat< 
other fluid contained in that bottle. The crooked ti 
are fitted into the mouth of the veflel H by means of a c 
in which are two femi-circular notches, through which 
tubes pais, and by lute. 

The tube which pafles into the bottle F is fitted into 
mouth of this bottle bv means of a cork, in which is a f< 
circular notch. This mouth of the. bottle F is not cl 
with lute. 

The vapor that is raifccl from the fubftance expofc 
heat in the retort pafles into the receiver B, where pa 
it is condenfed, and flows into the bottle C, while the 
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pa (Fes through the tube at D, into the veflel H. 
this veflel, the vapor that ftill remains uncondenfed 
through the crooked tube I, into the water con- 
in the bottle F, by which it is all condenfed cxcept- 
mc elaftic air, which is extricated in almoft all 
tions. This elaflic air arifes through the water, 
capes at the femi-circular notch of the cork in the 
of the veil'd, which is therefore not accurately clofed 

10ft dift illations a quantity of air is abforbed at different 
luring the procefs : and in this cafe the external air 
efs on the liquor in the bottle F, and force it through 
>e I into the veflel H, from which it may be taken by 
g the ftopple L. 

ufe of the veflel II is to receive the liquor that may 
s raifed from the bottle F, and to prevent it from 
into the receiver B, and from thence into the 
C, where it might fpoil the diftilled liquor, 

Woulfe, in the above-mentioned Philofophica! 
ctions, relates fcvcral experiments made with this 
:us, from which the utility of this metnod of con- 
; vap>ors by making them pafs into water, or fome 
luid fuited to the nature of the liquor diftilled, ap- 

s, by diftilling twelve pounds of fal ammoniac with 
me and two gallons of water, he obtained eight 
and a quarter of volatile alkaline fpirit fufRciently 
to make eau de luce, which were colle&cd in the 
joined to the receiver; and upon adding two other 
; of water, he obtained feven pounds of weak volatile 
e fpirit. The water contained in the bottle F, 
was fix quarts, received an encreafe of 2! lb. in 
from the vapor condenfed in it ; and from experi- 
made to compare the ftrength of the alkali thus 
ifed by the water with that of the ftrongeft alkaline 
firft obtained, and which we have laid was fit 
king eau dc luce, it was found, that the ftrength of 
rmer was to that of the latter as 140 to 76 : hence 
antity faved by this apparatus was nearly equal to 
►unds of volatile; alkali fuificiently ftrong for making 
: luce. Mr. Woulfe obferved a fingular difference 
:t the alkaline liquor collected in the bottle joined 
receiver, and that which was condenfed in the water 
: bottle F, namely, that a confiderable heat was 
Y 4 excited 
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excited by mixing the latter alkaline fpirit, but n< 
former with vitriolic acid. 

Another experiment is related, of the diftillati 
twelve pounds Averdupoife of common fait with an 
quantity of oil of vitriol diluted with 7 lb. of wate 
this operation 91b. 5 loz. of fpirit of fait were co 
in the bottle C, and 6 lb. 12 \ oz. of the fame fpiri 
condenfed in fix quarts of water in the bottle F. 
refiduum weighed 18 lb. 6 oz. Hence in this op< 
there was a lofs of eight ounces, or ^th part of the 
moft of which probably was elaftic air. The ftren 
the acid condenfed in the water was found, by exper 
to be to the ftrength of the acid collected in the bo 
as 200 is to 109. Thefe vapors, condenfed in water 
found to be more concentrated when the diftillatic 
conducted fiowly than when it was haftened. It ap 
alfo, that the moft concentrated portion of the acid < 
fait is the moft volatile, and that its ftrength was to 
vitriolic acid (the fpecific gravity of which was to 
water as 24 to 13), as 44* to 31. Experiments alfo fl 
that this vapor of fpirit of fait condenfed in watei 
tained no vitriolic acid, although the fpirit collected 
bottle C did contain fame of that acid. 

The fame ingenious chemift formed a marine ft 
applying the vapor of rectified fpirit of wine to th 
concentrated vapor of marine acid, and by condenfi 
united vapors in fpirit of wine. This he effected by 
contrived apparatus. The necks of two retorts, 
which contained the fpirit of wine, and the other tl 
fait and vitriolic acid, from which the marine acid 
be diftilled, opened into one receiver, where the 
met : frop', this receiver the vapors pafled through 
into fpirit of wine, contained in a bottle \ and thole 
were not there condenfed palled through another tul 
fpirit of wine contained in a lccond bottle. By a furthei 
lation and cohobation, with flaked lime, of the feveral 
collected in the receiver and in the fpirit of wine in 
the vapors were condenfed, a very fubtle penctratinj 
was produced. Mr. Beaume had tried to procure a 
ether by uniting the vapors of the marine acid, and c 
ef wine ; but he failed, bccaufe he did not ufe an ci 
method of condcnfing the vapors. 

Mr. Woulfe did not find that much advanta' 
gained by this method of condcnfing vapors in water, 
Jiffillation of the nitrous acid from nitre mixed with v 


Digitized by 


Google 


E IT* 

e prevented 


ion may be 

the fulphu- 
Dle ; to the 
which fub- 
atei j to the 
he vapors of 
and, lulily, 


This figure 
: copied from 
Englijh Tr- 


owing man- 
quadrangular 
;h ( a a , b />,) 
lid ( b bj c *), 
at top feven 
bottom with 
bottom to it 
three inches 

* alh-hole. 3. 

* hes from the 
of a fegment 
l three inches 
en three iron 
firft of them 
rh, be fallen- 
bottom of the 
:h a manner, 
the faid plate 
, as that the 
. it, and free- 
hefe mu ft be 
n-plate (h h) y 
:rfe£Hy paral- 

the fpace be- 
rth the upper 
oove with the 
fide 

5 


Digitized by Goode 







EXPLANATION OF PLATE IL 

excepting that thus the noxious fumes are prevented 
hurting the operators. 

' thinks his propofed method of condenfation may be 
6able to the diftillation of vitriolic acid, the fulphu- 
*fiimes of which are difficultly condenllble ; to the 
ation of phophorus, the vapor of both which fub- 
ought to be condenfed by means of watei $ to the 
8tion or diftillation of vitriolic ether, the vapors of 
ought to be condenfed in fpirit of wine j and, laftly, 
sy other diftillations. 


PLATE II. 

x. An Essay or Cupelling Furnace. This figure 
he following deferiptien of this furnace arc copied from 
i Art cf AJfaying . Sec Dr. Mortimer s EngliJ b Edi - 

SThe aflaying furnace is made In the following man- 
? 1. Make with iron plates a hollow quadrangular 
p, eleven inches broad and nine inches high [a a y b b y ) 
pg at top in a hollow quadrangular pyramid (b b y cr), 
l inches high, terminating in an aperture at top feven 
es fquare. This prifm muft be clofed at bottom with 
her iron plate, which ferves as a bafis or bottom to it 
j. 2. Near the bottom make a door (e) three inches 
, arid five inches broad, that leads to the afti-holc. 3. 
/€ this door, and, at the height of fix inches from the 
, make another door (f) y of the figure of a fegment 
circle, four inches broad at its bafis, and three inches 
1 half high in the middle. 4. Then faften three iron 
s on the forepart of this furnace ; let the firlt of them 
I, eleven inches long and half an inch high, be faften- 
o that its lower edge fhall reft againft the bottom of the 
ice, with three or four rivets, and in fuch a manner, 
there may be between the upper edge of the faid plate 
the fide of the furnace a groove fo wide, as that the 
s of the lower door (£ k) may be put into it, and free- 
ove backwards and forwards therein: thefe muft be 
: of a thicker iron-plate. The fecond iron-plate ( h h) y 
n inches long, three inches high, and perfe&ly paral- 
> the foregoing plate, muft be fattened in the fpace bc- 
n the two doors, in fuch manner, that both the upper 
he lower edge of it may form a hollow groove with the 

fide 
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fide of the furnace. One of thefe grooves, which is i 
cd downwards, ferves to receive the upper edges o 
Aiders that fliut the lower door (No. 2). The other, 
turns upwards, is to receive the inferior edges of the f 
of the fmall door above (No. 3). The third plate 
which is like the firft, muft be rivetted clofe above the i 
door, in fuch manner, that it may form a groove tui 
downwards, and contiguous to the upper edge of the 1 
door (No. 3). 5. In order to {hut both doors (No : 

3), you muft adapt to each of them two Aiders ma 
iron-plates, that may move within the above-ment 
grooves (k //) ; but the two Aiders belonging to the 1 
door (No. 3.) mtift have each a hole near the top ; th 
one a lmall hole one fifth part of an inch broad, an< 
inch and a half long (m) ; and the other a femi-cir 
aperture, one inch high and two inches broad («). Let 
fides, each Aider have a handle, that they may be laid 
of when they are to be moved. 6. Moreover, let 
round holes, one inch broad, be bored in the furnace, 
of which muft be made in the fore-part of the furnace 
two others in the back-part, all at the height of five ii 
from the bottom, but three inches ^nd a half diftant 
each fide, of the furnace ; and, finally, a fifth hole (p 
the height of one inch above the upper edge of the 1 
door (/). 7. In fhort, let the infidc of the furnac 

armed with iron-hooks, jetting out half an inch, and a 
three inches diftant from each other, to fallen the lute 
which the furnace is to be covered over within. 8. 
then an iron, moveable, hollow, quadrangular pytamic 
three inches high, be adapted to the upper aperture (c 
the furnace, at the bafis feven inches broad, ending 
wards* in a hollow tube (r), three inches in diameter, 
inches high, almoft cylindrical, though fomewhat coi 
gent at top. This prominent tube ferves to fupport a 
nel or fiuc, which is almoft cylindrical, hollow, ma 
iron-plates, and two foot high, and which, when a 
ftrong fire is required, is put perpendicularly upor 
fhorter tube, in fuch manner, that it enters clofe ini 
one inch and a half, or two inches deep, and may a^a 
taken off at pleafurc, when there is no need of fo ftre 
fire. But this pyramidal cover (7) muft befides have 
handles (* s) adapted to it, that it may be laid hold of, 
thus be taken away or put on again : and that this, 1 
put on the aperture (d) of the furnace, may not be < 
thrown down, let an iron plate be rivetted to the righi 
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upper edge of the furnace (c c), and be turne4 down 
rards the infide, fo as to make a furrow opeii before 
behind, into which the lateral edges of the cover may 
sr and' be fattened, and at pleasure be moved backwards 
forwards, whenever it muff be put on, or moved. 9. 
a fquare ledge, made of a thick iron-plate, be fattened 
op of the upper edge of the lower door (/) ; this is de- 
ted to fupport the grate and the lute : but it mutt be 
le of two pieces* that it may be eafily introduced into 
cavity of the furnace. Thus you will have an afiay- 
a, which mutt afterwards be covered ovet on the infide 
li lute. This you are to do as follows : 

1 That the fire nlay be better confined, and that the 
1 may not be dettroyed by growing red-hot, the whole 
de of the furnace mutt be covered over with lute, one 
er or one finger and a half thick. The lute fit for this 
lade of a mafsof clay mixed with fatid, and moiftened 
h three or four times as much of ox- Wood diluted with 
er *. But before you cover the infide of your furnace 
fi this lute, you mutt firft put within the furnace fmall 
1 bars, equal in length to the diameter of the oven. 

The bed lute, and eafieft to be had at London, i« a fort of 
called Windfor loam, which mult be mixt pretty IlifFi and 
fed into the infide of the furnace, firft wetted with water ; and 
n the clay begins to dry, it mull be beat down clofe to the 
i with a wooden mallet ; then the unevennefs and cracks 
I up with frefh clay fomewhat moifter, fo as to be made 
oth and even with a trowel, and then left: to dry gently ; and 
ny cracks happen, they mult again be filled up. Note »f Dr. 
timer . 

tourbridge clay, tobacco-pipe clay, or any other pure clay that 
Dt fofible by fire, may be ufed for this purpofe. But as frefh 
fhrinkfl and cracks very much in drying, it ought to be mixed 
1 an equal quantity or more of coarie white land, or of burnt 
grofsly powdered. Thus one part of Stourbridge clay, one part 
oarfe white fand, and one part of Stourbridge bricks grofsly 
dered, being well mixed together, make a good lute for lining 
inner fur&ces of furnaces. To prevent the iron platfes of the 
laces morb effectually from calcination, their inner furfaces 
bt to be coyered with a coating of charcoal -powder formed into 
afs orpafle, with as much frefh clay and water as are futficient 
that purpose ; and when this coating is dry, the above-tten- 
ed lute majr be applied. During the drying the lute ought to 
laily beat With a mallet, that the fpaces left by the fhrinkang 
ic day may be clofed, and the lute be rendered more compcdt. 

quadrangular. 
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quadranglar, prifmatical, half an inch thick, having 
extremities fupported by a fquare iron ledge, and t 
fourths of an inch diftant from each other ; and you 
faften them fo, that their flat Tides may be oblique 
regard to the tranfverfe fe&ion of the furnace, and ths 
two oppofite angles may look one upwards and the 
downwards; the bars mud not be laid flat, but edge-> 
by which lituation you hinder the afhes of the fuel of t Y 
from being detained too long between the interftices o 
faid iron-bars, and from making an obftru&ion that v 
oppofc the free draught of the air* The furnace being 
covered oyer with lute, and dried up by a gentle he; 
at laft fit for docimaftical operations, and cfpeciall 
fuch as muft be performed in the aflay-oven. 

If then an operation is to be made in the furnace hit 
described, you muft let through the four lower holes ; 
described', of the furnace (o c) placed before and be 
and dire&ly oppofite to each other, two iron-bars one 
thick, and long enough that their extremities on eyer 
may jut out of the holes a fmall matter. Thefe fei 
fupport the muffle and its bottom (See Plate I. Fig 
You then introduce the muffle through the upper apt 
of the furnace (</), and place it upon the above-defc 
iron-bars, ill fuch manner, that the open fore-fide 
be contiguous to the inward border of the upper dooi 
The fuel of the fire is introduced through the top o 
furnace ( d ) ; the cover of which, on this account, 
be moveable and not very heavy ( q ). The beft fuel f< 
fire is charcoal made of the hardeft wood, efpecial 
beech, broken into fmall pieces of the bignefs of an 
wherewith the muffle muft be covered over fome i 
high. We then-rejedl larger bits of coals, hecaufc 
cannot fall through the narrow interftices^ betweej 
fides of the muffle and thofe of the furnace, and cam 
courfe fufficiently furround the circumference of the n 
Whence it happens, that there ar$ on every fide place: 
of fuel, and the fire is either not ftrong enough or un< 
But if, on the contrary, you ufe coals too fmall, t 
great part fall immediately through the interftices c 
grate into the afh-hole ; and the tendereft particles of 
turn too foon into aftjes, and by increahng the he 
afhes, obftruft the free draught of the air, which i: 
greatly requifite. 

44 A perfe& management of the fire is mod comi 
ncccflary* in the performing of operations in this fur 

the 
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reforc the reader muft give attention to what follows : If 
door of the a(h-hole ( e ) is quite open ; and the Aiders of 
upper door ( f ) drawn towards each other, fo as to touch 
\ another in the middle of the door; and if, befides, 
cover (f), and the funnel adapted to its tube (rj, is 
>n the top (f) of the furnace, the fire will be then in the 
heft degree poffible ; though, in the mean time, it is hard- 
:ver neceflary to put the funnel on, except in a very cold 
(on : but if^ after having difpofed the furnace in the 
Finer juft described, you put red burning coals, into the 
n upper door ( f ) of it, the fire is ftill more increafed 
rebv : however, this artifice is never, or very feldom, 
:eflary. When you (hut 'the upper door with only that 
er that has a narrow oblong hole in it (m), then the 
it becomes a little lef9 ; but it diminifhes ftill more when 
i (hut the door with the other Aider that has in it the 
li-circular bole (»), which is larger than that of the firft 
er : nay, the heat again is lefs when you take away the 
tnel put at top of the cover : finally, the door of the 
-hole being either in part or totally (hut, the heat is ftill 
linifted, becaufe the draught of the air, fo neceflary to 
rite the fire, is thereby hindered : but if, befides all thefe, 
i likewifc open the upper door quite, then the cold air, 
bing into the muffle, cools the bodies put under it, that 
to be changed, to a degree never required in any ope- 
ion, and fuch as will entirely hinder the boiling of lead, 
during the operation, the fire begins ‘to decay, or to 
»w unequal, it is a fign that there are places void of 
Is between the fides of the furnace and thofe of the 
(He ; therefore, in this cafe, you muft ftir your coals on 
ry fide with an iron-rod, which is to be introduced 
ough the upper hole (p) of the furnace, that they may 
t together, and thus act in a proper manner and equally. 
‘ However, you are to obferve concerning the regimen 
the fire juft defcribcd, that though the apparatus is made 
:h all the exaftnefs mentioned, neverthelefs the effeifc 
:s not always anfwer it. The caufe of which difference 
; moft commonly its origin in the various difpofitions of 
air ; for as every fire is more excited by coals in pro- 
tion as the air, more condenfed, and more quickly 
tated, ftrikes them more violently (which the effect of 
lows plainly (hews) ; it thence appears, that in warm 
I wet weathers, when the atmofphere is light, the fire 
ift be lefs eflicacious in furnaces ; that likewife when (eve- 
furnaces, fituated near each other, are burning at the fame 

time. 
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•time, the fire is in part fuffocated ; becaufe the ambi< 
is thereby rendered more rare and lighter. The fame 
is produced by the fuivefpecially in fummer-time, w 
Aimes upon the place where the furnace is fituated. 
atmofphore, on the contrary, being heavier in co 
we.ither, excites a very great tire. 

<c The heat of the fire aots the ftronger upon the 1 
to be -changed, as the muffle put in the furnace is lei 
the fttid muffle has mqre and larger fegments cut out 
as the Tides of this muffle are thinner ; in fhort, as 
are more veflels placed in the hinder part of the ir 
rand on the contrary. In this calc, when many 4 
-conditions requifite for the exciting of fire are wai 
then indeed the artificer, with all his fkill, will han 
able to excite the fire to a fuffleient degree, in order t 
form operations *wcll, in common aflay-ovens, even tl 
he ufes bellows, and puts coals into the upper door < 
furnace. For this reafon, I have put the grate almofl 
inches below the muffle, left the air, ruftiing throu^ 
afh-holc, fhoukl cool the bottom of the muffle, 
happens in common aflay-ovens; and again, tha 
fmnller coals, almofl: already confumed, and the alhes 
more eaflly fall through the interlaces of the grate, ai 
larger coals ftill fit to keep up the fire be retained. Fi 
I have added the above-mentioned funnel, that the bl 
of the fire being, by means of it, increafed as much a 
fible, this might at lnft be carried to the requifite d< 
for the fire may always be diminifhed, but not alw 
increafed at plcafure, without the afliftance of a prop 
"par at us” 

Fig. 2 . This figure reprefen ts a furnace call 
Athanor. See Athanor. This figure and the f< 
ing description are copied from Cramer ' s Art of A± 
44 This furnace is ufed for the diftillation of acid 1 
for calcinations, cementations, &c. As thefe oper 
require a long and conftant fire, an athanor is ufefu 
caule it can contain as much frefh fuel as will keep \ 
fire for many hours together, and admits of a differe] 
accurate, and moft conftant regimen of the fire* 

44 Let then, ift, a fmall fquare hollow tower (a 
be conft reeled of fuch flottes , [or of bricks made of 
bridge clay , or J Find for loam,] as may refill the fire ; 
lidos oi it be fix inches thick, and forming a fquare 
within, of ten inches on each fide (b b b b). The 
of it is determined according as it is to keep up the fire 
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lout any addition of new fuel : five or fix feet are moft 
imonly Sufficient. 2. At the bottom of this .tower 
cjc an opening ( c), fix inches broad, and as many inches 
h ; hang to it an iron door, being on , every fide one inch 
ader than the opening, and fuch as may fhut it very 
fe : for which purpofe the external edge of this opening 
ft be excavated all round in fuoh a manner, that it may 
n a igioo ve one inch broad, into which the edges c f the 
r may be received. 3. At the diftance of ten inches 
n the bottom of the tower, put a grate ( d J, made of 
inatical, quadrangular iron-bars* one inch thick* and 
te quarters of an inch diftant from each other : let aiib 
b of thefe iron bars be fo fituated with regard of the 
rer, that the two oppofite acute edges of each may look 
pendicularly, one downward, the other upwards, that, 
this means, the afhes may eafily fall into the afh-hole. 
Make above this grate an opening circular at top (e) 
inches high, feven inches broad, that may, as well as 
afli-hole (No. 2), be opened and ffiut with an iron-door. 
Adapt to the top of the tower an iron cover (f), excced- 
;ithe aperture of the itower all around two inches* and 
r ing a handle, wherewith it may be eafily taken away, 
l put on again. Thus you are to make the furnace 
led in Latin fumus primarius. 6. Then cut out in any 
; of the tower, for inftance, in the left, an oblong fquare 
rture, going up obliquely towards the outfide (g g) y 
1 r inches and a .half high, ten inches broad, having its 
vard inferior edge one inch and a half, or two inches 
>ve the grate (d) ; that by the intervening of this hole, 
cavity of this tower may communicate with another im- 
diately to be deferibed. 7. Nearly over-againft the 
le fide of the tower, make a cavity with ftones, whofe 
erior part muft be a hollow prifm (b,b,h 9 b 9 ) fix 
:hes high, twelve inches broad, ending at top in a femi- 
iindrical arch ( 7 , i 9 ) deferibed by a rcdius.of fix inches ; 
it by this means, the height of the whole cavity may be 
rive inches in the middle. Let this anterior cavity be 
ally open, though, when requifite, it is to be fhut very 
fe with an iron plate ( k , k y ) whofe inward furface is to be 
lftru&ed in the fame manner as is prescribed for the Aiding 
5r of the melting-furnace, (Fig. 4.) and then luted two 
:hes thick within. Moreover, let there be in the middle 
this plate, a round hole, four or five inches in diameter, 
i let the circumference of this hole have an iron cyiin- 
cal border made to it* and prominent within $ that by 

means 
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means of it, the lining of lutj within may be fuppo 
and kept from falling down eafiiy. Let a notch one 
broad, and two inches deep, be made in the outward ci 
of the aperture of this cavity i to receive the extremi 
the plate that ihuts the aperture. The hole of this 
cither is Ihut with a Hopple, or ferves to pafs the ne< 
the retort through. This plate likewife is fattened with 
bolts (n y n ,j, to be put horizontally with iron h 
( 0,0, 0,0 , ) driven into the wall ne ar the edge of the apertu 
that one holt may fatten the upper part of the plate, an< 
other the lower. 8. It is moreover proper, that the fq 
aperture (g y g,) through which the fire enters from 
tower into the cavity hitherto deferibed (No. 7.), ma 
fhut and opened at pleafure with an iron Aider : for if th 
not done, an exccllivc Are, employed fometirnes by an 
experienced hand, cannot be fo eafiiy checked. For 
purpclte, let a flit half an inch broad, and eleven in 
long, be left in the wall that conttitutes the upper 
of the cavity (No. 7.), and is contiguous to the to^ 
fo that it may exceed the length of the fquare a 
ture, (g y gy) a final 1 matter on every fide, and r 
before and behind into the fmall groove, going down a 
the perpendicular lides of the laid aperture, (gy gy) 
retain the iron-flidcr to be put into it to keep it ttc 
However, Vet this iron- Aider be fre lines thick, cl 
inches broad, and five indies high; and let a coupl 
fmall iron-ch.iins ( p, py) be fattened on eacii fide o; 
upper edge, wherewith the Aider may be lifted up anc 
down again. Therefore let a couple of ftrong iron-nail 
drove into the contiguous wall of the tower, perpendicu 
ever thofe places in which the/ laid fmall chains are fafti 
to the iron-Aider, that any of the links of the chains 
be fufpended on them at pleafure. Moreover, let the u 
edge of the Ait above deferibed be entirely fhut up 1 
(tones and cement, leaving only two fmall holes, thre 
which the fmall chains may be patted. On the left of 
cavity (No. 7.), and at the dittance of eight inches 1 
the bottom of it, let a fquare (f, y, q y qy) chimney or fui 
be erected with bricksy three inches and a half in the cl 
four foot high, and a fmall matter convergent upwards 
that the diameter of it at top may be three inches. " 
funnel mutt be contrived to be fhut clofely with an ii 
Aider, having a handle to it (r, r, ), which Aider mutt n 
freely between a double iron lquare frame fattened in 
walls of the funnel, at fuch a height from the he 
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11 feem convenient to any artificer, io. Below this 
ley let a fquare aperture be made, like the foregoing 
&. g y gy) y leading obliquely up to the bottom of another 
rical cavity, (u 9 u y u y u y ) which is eight inches 
defcribed by a radius of fix inches, open at top, and 
converging inwardly into a border one inch thick, 
t lines broad, defigned tofupportan iron-pot. Like- 
cut in the anterior wall of this cavity, and at the 
part of its mouth, a fegment two inches and a half 
five inches broad, and ftooping forward ( v , v,) to 
i the neck of the retort, ij. To this cavity (No. io.) 
;s an iron-pot (tu, Wy) eleven inches broad, and 
nine inches deep, which muft be encompaffcd with 
n ring (*, *,) one inch broad, and faftened at the 
:e of one inch and a half from the upper end of the 
Let a fegment (y) be likewifc cut off the upper edge 
pot, which fegment muft be four inches and a half 
and five inches broad : the iron-ring juft defcribed 
e bent all round the edges of this fegment. 12. Over- 
the aperture (*, /,) which communicates from the 
vity (No. 7.) into the fecond (No. {0.), let another 
perture (z) be made, two inches diftant from the 

1 of the fecond cavity (No. 10.) perfe&ly like the 

ng (g 9 gy ty ty) and communicating obliquely up- 
with a third cavity ( 1, 1, 1, l,), like and equal to 
:ond cylindrical cavity (uyUyUyUy) y that the fire 
ifs from the latter into the former. 13. Jn the hinder 
f the wall which makes the aperture juft men- 
(z), let a chimney like the foregoing (qy 7, 7, q 9 ) 9 
the fame height (2, 2, 2, 2,), be ere&ed, which may 
: with a Aider like that (3). 14. Finally, on the left 

the third cavity let an aperture be made in the fame 
r (4), and like the foregoing ones (g g t tz)\ more 

however from the bottom of the cayity, without a 
at the other extremity, and communicating only 
he cavity of the third chimney (5, 5, 5,), which 

2 ere&ed in the fame manner as the two foregoing 

f , h 2 > 2 > $*)• Thus you will have a furnace 

oper for a great many operations. 

/e are now to fpeak of the ufe of the athanor juft 
ed ; and chiefly to mention, to what operations each 
parts ferve in particular, and then how the fire may 
uft be governed in it. 1. You ir.uft put at the 
irehed door ( e) of the tower a femi-cylindrical muffle 
inches long, which muft be introduced through 
• III. Z the 
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the door: which for this rcafon mull be of the fame 
height and breadth as that door, three quarters of an inch J 

thick, and open behind, being fhut there by the hinder I 

part of fhe athanor, as far as which it mud reach. For this J 
purpofe, a tile mull be fet upon the grate (d) to fupport 
the muffle. Let alfo this muffle have fmall pieces cut out 
near its balls, as common allay-muffies. You may pqt 
under this muffle your cement pots, or fuch bodies as 
mull be calcined with a long and violent firej which | 
can be done without a muffle, though not fo neatly. In 
the fir ft chamber (A, A , A, A, /, i ,) you may make the mod 
violent cl ill illations with an open fire: for retorts or large 
veil vis arc introduced into it, after you have taken away j 
the door ( A , k , and are put either upon the hearth ftted 1 

of this chamber, or upon a particular fupport of {lore. 
Hut you mull place thefe veflels in fuch manner, thpt their 
necks may eafily pafs through the hole of the door, wh«* 
put on again : for which purpofe, they chufe a fupport 
fometimes higher, fometimes lower, according to the dif- 
ferent heights of the velTels. When afterwards, |he door 
is put on again, and faftened with both its bolts (», »,), 
you mutt dole with lute all the chinks which lie open 
i about the neck of the veil'd, and between the edges of the 
door and the entrance of the chamber. Then you apply 
to the neck of the veil'd a cylindrical legmen t, ten or more 
inches long: by means of which the heat and the boiling 
vapors coining forth are gradually diminifhed ; left the 
recipient, which is always cholcn a glafs vcfld, fhouW 
Ijplit. The recipient, which muft be united with die other 
orifice of the fa id figment, is fupported either by the pave- 
ment, or by a certain kind of trivet, the ‘con it ruction of 
which is 1 ucii, tiiat it may be let lower or higher by means 
of three feraws. 3. In this fame chamber, inlteaJ of diftil- 
lations, you may all'o make cementation*, calcination, & c. 
in which cafe the lound hole of the iron-plate may be fhut 
and again opened with a Hopple, that one may view the 
inlide. 4. The fecond and third cavities (u^u^u^u^ 1, 1, 1,1,) 
Ilitc chiefiy to fuch operations as are mad« in baths [or 
beds,] of cjh's , or For inftance, you put 

into each of thcic cavities a pot, {v> and vou flop with 
tjjin lute or with find, which muft previouflv bo moiihned, 
thj d.p between tne iron-ring (*, a-,) and the border of the 
cavity, upon which this ring refts. 5. ikiidcs, yoif niay 
aJfo make iji thefe two cavities, dittillations by a reverbe- 
rating lire, as well a$ in the rirll : only tiic lire is Icfs 

\ iylent 
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: in thefe, though fufficient to extra# aqua fortis. 
hen take out the iron-pot (v 9 v,) and inverting it, 
it it upon the mouth of the chamber ; fo that the 
f the pot, being the depth of one inch and a half above 
m-ring (*, x ,) wherewith this pot is furrounded, 
e received within the mouth of the cavity, and fo 
le fegment cut in the pot (y ) may, together with 
£ment cut out from the fide of the cavity (w, v y ) 
hole to let the neck of the veflel through. 6. All 
paratus being thus ready, you firft introduce through 
3 of the tower (by by by by) a few burning coals $ and 
)on them fome of the unkindied fuel of the fire j that 
vity of the tower may, according as it is thought 
try, be filled either entirely or only in part. Then 
1 fpeed you put upon it the iron-cover ( f )y and ffrew 
rder of this on the outfide with fand or ajhcsy which 
►refs gently with your hands: for if you fhould 
1 this point, all the fuel contained in the tower would 
died, and may endanger fitting the houfe on fire, 
fhall here annex a few general rules concerning the 
n of the fire in this furnace : for it is hardly necef- 
o explain all particulars, fince practice will eafily 
lem to fuch as fhall be ever fo little acquainted with 
iftry. The fire may be made very ftrong in the firft 
er, {by h , by h y /, /,) when the door of the afn-hole (r), 
le funnel (q 9 q, y, q y ) of the chamber is quite open, 
hen the iron-flider fufpended with chains (6. />,/>,) 
ot hinder the fire from pafling freely from the tower 
lis cavity. But the clofer the funnel is (hut, together 
he*door of the afh-hole, the more the violence of the 
iminifhes : and this will be foon effected, if the iron- 
fufpended with chains is let down in part : for the 
ontained in the tower burns at leaft as high as the 
between the lower edge of the iron-flider and the 
( d ). Obferve befides, in thofe operations wherein 
Lind hole of the door is fiopt with a plug, that when 
bpgeft fire is required, this hole muff: not be kept 
>pen $ becaufe the air ruffling violently through it, 
Ools the bodies put into the cavity. The operations 
mentioned may be performed in the fecond and third 
in, and at the fame time, and with the fame fire, 

\ f are in the firft chamber ; for the fire penetrates from 
•ft cavity into the fecond, and increafes when the 
(2, 2, 2, 2,) ere#ed on it is opened : but before you do 
lie ffcnnel of the firft cavity muft be (hut as much 
Z 2 as 
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?.s that of the fecond is opened. By the fame means, you 
may hinder the fire, which ferves for the operations made 
in the two firft cavities, from going out through the funnels, * 
and you force it out, on the contrary, through the third 
cavity and through its funnel (5*5, 5,); that it may alfo 
a£l upon the bodies placed in that cavity. For the more the 
funnel ere&ed upon the third cavity is open, the more 
one, or even both funnels of the other two cavities mull be 
clofed : thence it is plain, that you cannot kindle the 
ftrongeft fire in the third cavity, unlefs there be one equally 
ftrong in the other two; and that, on the contrary, the 
heat irt the third cavity may be rendered lefs, by doling 
its funnel ; though it be violent in the others. The fame 
is true of the fecond cavity, with regard to the firft. 
Finally, you cannot make the ftrongeft fire under the 
muffle placed within the upper door (e) of the tower, unlefs 
you have an equal fire in the firft cavity, which fire may 
confequcntly be increafed, by (hutting the door quite againft 
the muffle and diminiwed by opening it ; there being 
mean while an equal heat in the firft chamber, and in the 
following ones. The reft will eafily be learned by practice." 
Fig. 3. A Reverberating Furnace. 

*7, The a(h-hole door. 
by The fire-place door. 
c y Cy Cy c , Regifters. 
dy The dome or reverberatory. 

The conical funnel. 
fy The retort in the furnace. 
gy The receiver. 

hy by Iron bars to fuftain the retort. 

Fig. 4, 5, 6, 7, and 8, reprefent a Melting Furnace. 
Thefe figures and the following defeription of this furnace 
are copied from Cramer's Art of AJfaying Metals . 

The melting furnace is made of iron-plates, the inner 
furfaces of which are covered with lute. The cavity of it 
may be formed according to an elliptical mould, lft. Make 
an hollow dlipfis, the focus’s 12 inches afunder, and the 
ordinate 5 inches long; cut it off in both its focus’9, that 
it may aflame the figure (Fig 4J. 2dly, Then make in 
this hollow body, and near its lower aperture, four holes, 
eight lines in diameter, and diredlly oppofite (r, *,). 
3<lly, Then faften two flat iron-rings (d)y almoft one inch 
and a half broad, v at both the upper and the lower inward 
edge of this oval cavity; and fill the infide of it with 
fmall iron-hooks, jutting out about fix lines, and three 

4 or 


Digitized by t^ooQle 



EXPLANATION OF PLATE II. 

r inches diftant from each other. Thefe, together 
:he rings juft mentioned, ferve to faften the lute, 
will the body of the furnace be made : only you mu ft 
the outfide two iron-handles (c, e ,) to be rivetted on 
de of it, that it may be taken hold of and moved. 
Then make the cover of the furnace, which may 
ned like the part cut off from the cllipfis (See Fig. s,). 
is have an opening (b) made in it, four inches high, 
ches broad at bottom, and four inches at the top ; 
apt to this an iron door hung on hinges to fliut it 
and having at the infide a border faftened to it, 
ing exa&ly to the circumference of the door, and as 
lent inwardly as the thickncfs of the lute to be ap- 
> it requires: for the fame purpofe, let fmall iron- 
be faftened to the infide of the door, which is inter- 
by the faid border. And left this cover fhould be 
within by the force of fire, you muft cover the 
5f it over with the fame lute mentioned before for 
ty-oven : therefore it muft be like wife furnifhed with 
and iron-hooks to faften the lute; as was faid before, 
we fpoke of the body of this furnace. Bdidcs this, 
ift faften two iron- handles ( Fig. 5. r, c>) on the outfide 
cover. Then a round hole muft be made in the top 
being three inches in diameter, prolonged into a 
tube ( d ) almoft cylindrical, and a few inches high, 
which the iron-funnel deferibed may, in cafe of 
:y, be put after the manner mentioned in the fame 
vhere w*e fpoke of the affay-oven. 5thly, After this, 
ing of both the body and cover of the furnace within 
le in the fame manner above-deferibed. Moreover, 
uft make for this furnace two moveable bottoms, 
le to receive the afhes, and admit the air; the other 
e for reductions. The firft is made with an iron- 
formed into a hollow cylinder, open at top, and 
fhut at bottom with an orbicular iron-plate, ns 
. bafis, five inches high, and of fuch a diameter, 
t it may receive the inferior orifice of the body of 
nace ( Fig. 4. ) the depth of half an inch ( See Fig. 6 .) : 
re let an iron-ring (r\ half an inch broad, be 
d on the infide of the faid bottom, and at the diftance 
‘ an inch from its upper border, to fupport the body 
furnace put into it. Again, let this bottom have a 
door, four inches high, and as many inches broad, 
ay be fhut clofely with a door hung on hinges, that you 
f means of it increafe or diminifh the draught of thr: 
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air, and thus govern the fire at pleafure. Then, on th 
left fide of this door, and at about half the height of thi 
bottom part, let a round hole ( d ) be made, one inch and a 
half in diameter, to admit the pipe of the bellows when nped 
requires. Next to this, let another bottom part be made 
of the fame matter and figure as the foregoing : let it be 
likewife of the fame diameter, but two inches higher, fo 
that it may be of the height of feven inches. Likewife 
let it have round it a like iron-ring below its upper border, 
to fupport the body of the furnace to be received in it* 
But let a hole two or three inches broad, and one inch 
high ^Figj. c.), be cut out juft below the ring in the 
fide of this bottom part ; then let another round hole be 
made in the left fide of this firft hole, fit to admit the pipe 
of the bellows (cl). Further, let another round hole like 
the foregoing (e) be made on the right, and at the diftance 
of one inch from the bottom : then let the whole infide of 
this bottom part (the part above the ring excepted) be 
oyerlaid with lute, and a bed be made at the bottom, of a 
figure like that reprefented by the line (f y g r h y ). The 
matter of which this is made is common lute pulverifed, 
parted through a iieve, and mixed with fuch a quantity of 
dull of charcoal, lifted in the fame manner, fo that the 
mixture being moiftened and prefled down, may at leaft be 
lightly coherent. Of this matter preflld on the bottom 
of the bottom part a bed is made, like a fegment of a (phere* 
having in the middle a fmall cavity fomewhat lower, and 
made extremely fmooth, after the manner mentioned before 
When we fpoke of large afh-veflels or tefts. 

This furnace is chiefly fit for fufions, which may be 
made in it with and without vefiels. When you are to melt 
with a veflel, put the body of the furnace (Fig* 4.) upon 
the firft bottom ( Fig . 6.), that has a door to it to open on 
hinges j introduce two iron-bars through the holes of the 
furnace ( Fig . 4. r, c y ) ; put upon them the iron-grate, which 
you are to introduce through the upper mouth of the fur- 
nace: then put in the middle of this grate a brick or fquarc 
tilc y very fmooth every where, warmed, and perfectly dry: 
otherwise, the veftcls put upon it, efpecially the large ones, 
are eafily fplit by the moift \ ap0r9 coming out of it in the 
operations. Let the height and width of this Ji$nt be a 
fmall matter broader and higher than the bottom of the 
crucible or pot to be fet upon it; for if it were lefs high, 
tlie bottom of the veflel could not be fufficiently warmed * 
gnd if it were lefs broad, the veffel might eafily fall from it: 

then 
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»ut upon this tile the veflel containing the matter to be 
>, and fnrround it immediately with coals on every 
vhich rhuft be ranged according to the method pre- 
I before, in our dtfeription of the affay-furnaee : 
ou govern the lire, by opening and (hutting the door 
: afli-hole ( Fig. 6 b) : you excite it by putting the 
(Fig. 5.) upon the body of the furnace; and if, 
, you put a funnel upon the cylindrical mouth (el) 
i covef, the melting fire becomes ft ill more violent : 
you moreover introduce the bellows through the 
f the bottom part ( Fig.b.d ) and the joint of the 
e with the bottom part, and the door of the afli-hole, 
it can be /hut very dole, being exactly ftopt with 
ate [or jyindfor loam ], the fire thus excited by the 
f the bellows is carried to the Kigheft degree, and far 
es that which maybe made in a Smith’s forge. Another 
age of this method is, that the veficls are not fo cafijy 
i, becaufe the blowing of the bellows cannot afilcl 
immediately, and becaufe a fire perfectly equal is ex- 
on every fide. One may cafily examine with' this 
tus , how Jlones are affected by the violence of the 
ly. Now, if you have a mind to perform anyopera- 
ithOut a veftel, and with a naked fire; lor inftance, 
t and redute the calxcs or fcorias of copper , tin, lead, 
n , or the ores of thefe metals ; the body of the furnace 
>e put upon the other pedeftal, having a bed in it 
However, you muft, before this, open with a 
the oblong hole (c), and the round one (d) of this 
1 part, which are (topped wdth the lute fticking to 
fide: then you apply at the round hole (d) on the 
le of the bellows, in fuch manner that the nozzle of 
ng directed obliquely downwards, may blow ftrongly 
^the bed (f> g 9 b,) : by this means, all the afhes that 
ito the bed are blov/n away, and the ftrength of the 
termined to fuch a degree, that all the melted bodies 
all into the find bed remain in their ftate of fufion ; 
r cre it other wife, the melted bodies would immedi- 
vax cold, and adhere in grains to the bed, whereas 
ught to have melted into one regulus. The oblong 
n the fore-part of this bottom-part (r) ferves to 
er, by means of a poker, whether the matter in the 
>e melted or not : it ferves likewife to take away 
'h it whatever might flop the bellows, and in fome 
o take away the Jcoria : then you put firft coals into 
lrnace one (pan high, and blow them well with the 
Z 4 bellows. 
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bellows, to make them burn, that the bed may be ver} 
before the matter to be melted is put into it; for if tl 
not previoufly done, the melted mafs feldoin runs ii 
regulus , but remains difperfed among the fcorias, w 
loon grow hard. The bed being well heated, and 
coals added to the fire, put into it fucli quantity oj 
matter to be melted as cannot hinder the fire from t 
carried to- the requifitc degree; which cannot be d 
mined other wife than by experience: again, put 
coals, and upon them another quantity of the matter i 
melted; they maybe, like ft rata, one upon another: 
if the mafs, once melted, could not long 1 attain the lire 
of the fire, or if you had a mind to melt a greater qua 
of matter than what can he contained in the bed, you 
open the round lower hole (Fig. 7. e.) y that you 
make a channel pafling from that hole through the 
and reaching to the fmall cavity at the bottom of the 
(g) : to this hole, at the outfide, apply an earthen difh 
the bed within, nr any other proper recipient, furrou 
with burning coals, into which the matter melted run 
from the hed through the hole ( Fig . 7. c.J, may be colie 
as is reprefented by Fig. 8. 

Fig.q. A tranfverfe fedhion of a Furnace in w 
Sulphur is obtained by diJUllation from pyrites. In 
furnace are placed ten cr twelve tubes, one of whic 
reprefeitted in this feclion (7), lying acrofs the w 
breadth of the furnace. Thefe tubes are open at both c 
At the larger end the mineral, from which the fulj 
is to be diftil led, is to be introduced ; and then the ope 
is to be clofed with an earthen ftopper. The fmallej 
opens into a caft-iron receiver (8), which receives 
i'ulphur that is diftillcd or eliquated. To prevent 
crude mineral from pafling into the receiver, a ftar 
piece of baked earth is placed in the neck or fmaller 
of the tube, along with the fulphur. Each furnace 
t .ins ten or twelve fuch tubes. The length of the w 
furnace is therefore evidently much greater than its bre2 
i he tubes are about four feet long, fomewhat of a cot 
Form, fix or eight inches wide at their larger end, and t 
quarters of an inch at their fmaller end. 

1. The walls of the long Tides of the furnace. 

2. THcafh-hoIe. 

3. The grate made of bricks. 

4. The hrc-place* 

5 - ‘ 
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The paflage for the flame to the upper part of the fuf * 
nace. 

. The two walls of the long Tides of the furnace which 
fupport the tubes. 

. A tube placed acrofs the furnace. 

, A fquare caflr-iron receiver. 

i Two holes in the roof of the furnace through which 
the fmoke efcapes. There are generally ten or 
twelve fuch holes in different parts of the roof, fomc 
of which are occafionally clofed. See a further 
defcription of this furnace , and of the operation oj 
extracting fulphur , at the article Smelting of Ores. 
G. io. This figure reprefents a tranfverfe fe&ion of a 
*ace for Purifying Sulphur by Distillation 
melting of Ores. 

. The foundation of the wall funk under ground> 

. The fide-wall. 

. The back-wall. 

. The afh-hole. 

. The grate. 

. The nre-pla<te. 

. Two holes through which the fmoke efcapeS. 

. The inner chamber of the furnace, 
i. An iron cucurbit or pot. 

. A neck made of earthen-ware* 

. The veffel called the fore-runner. 

A receiver. 

;. A banquette or ftep raifed to fupport the fore-runner. 
In this furnace, which is of an oblong fhape, gene- 
rally five or fix fuch fetts of diftilling veffels are 
placed on each fide. 

g. ii. Reprefents a quantity of ore piled up to he roajled. 

. T wo lides or faces of the pile. All the fides of it arc 
covered with fmall ore. 

The upper part of the pile, where holes or cavities 
are feen in which the fulphur of the ore is col- 
lected. 

|. An opening where part of the pile has fallen down, 
and in which the fulphur is feen dropping down. 

I. A plank to keep off the wind. See Smelting of 
Ores. 

ig. 12. A Section of the above Pile . 

t. The wood to make the fire. 

t. Some charcoal for the kindling of the fire. 

$. A channel formed by a wooden tube or pipe* 

4. The 
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4. The large lumps of ore. 

5 . Small ore. 

6. Finer ore, or dufl of ore. 

7. The fubilancc called vitriol , that is, a half 
ore powdered. 

Fig. 13. Reprefcnts a longitudinal fection of th< 
nace at Rammelsbf.rg. See a defeription of this 
at the article Smelting of Ores tf Silver. 

1. Foundation of the mafonry in the ground, 

2. A part of the back-wail. 

3. The tuyere. 

4. Channels to <_2rry off moifture. 

5. The covering ftonc of tliefe channels. 

6. A bed of fcoria. 

7. The cafe or cafie made of bricks. 

8. A bed of clay. 

g. A bed of fitted ore and lubftance called vitrio 

10. The charcoal which is thrown into the cafie p; 
to the filling of the furnace with ore and fuel 

11. A mixture of fat earth and charcoal powdei 
which the furnace is prepared or lined, 

12. The hearth, with the trace. 

13. The feat of the zinc. 

14. Thechemife. 

35. T he wall of one fide of the furnace. 

16. The middle wall of the furnace. 

Fig. 14. Reprefents a longitudinal feftion of aS 
beratory Furnace ufed in the faulting of ores . 
dtfeription of this furnace at the article Smelting of C 
Copper. 

1 . The mafonry. 

2. The afh-hole. 

3. A channel for the evaporation of the moifture. 

4. 7 'he grate. 

5. The fire-place. 

6. The inner part of the furnace. 

7. A bafon formed of fand. 

8. The cavity where the melted metal is. 

g. A hole through which the fcoria is to be rente 

10. The palfage for the flame and fmoke, or th 
part of the chimney, which is to be carried 
height of about thirty feet. 

11. A hole in the roof, through which the ore is 
into the furnace. This furnace is eighte 
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long, twelve feet broad, and nine feet and a half' 
high. 

i c. 15. Reprefents the upper plan of the Furnace, of 
:h Fig. 14. is a fe&ion. 

[. The outer wall. 

i. The draught-hole communicating with the afli-holc. 

5. The door through which foflii coal is thrown into fche 

fire-place. 

p. The place where an opening is made to let the melted 
metal flow out of the furnace. 

5. An opening through which the fcoria is drawn off. 

3 . The bafon made of land where the metal lies. 

/. The fire-place with an iron-grate. 

S. A fmall wall between the fire-place and the area or 
bafon, over which the flame pafles. 
ig. 16. Reprefents the plan of a Refining Furnyvce 
refining filver or copper. S*e Refining and Smelting 
)res ^Silver. 

1. The pillars and walls of the furnace. 

2. The bafon of brides, about eight feet in diameter. 

3. The bale of the vault of the furnace, 

4. The great flame-hole, through which the metal to 
be rchned is introduced. 

5. Two holes for the bellows. 

6. The hole through which the litharge runs ofR 

7. The grate on which the fire is made. 

8. The door of the fire-place through which the wood 
and faggots ufed as fuel are introduced. 

9. A bafon for the reception of the refined copper, when 
that metal is refined in this kind of furnace. 

0. A paflage which is to be occafionally opened to let 
the copper flow out. 

ig. 17. Reprefents a longitudinal feftion of the refining 
lace, of which Fig. 16. is a plan. 

j. The mafonry of the pillars and walls furrounding 
the furnace. 

2. The channels for carrying off the moifture. 

3. Other fmall channels which join in the middle of the 
bafon. 

4. The bafon made of bricks. 

5. A bed of allies. 

6 . The hollow or bafon in which the metal is melted 
and refined. 

7. The great flame-hole. 

8. Th* 
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8. The two openings for the entry of the tuyeres 

bellows. 

9. The vault or dome of the furnace. 

10. The fire-place. 

11. 1' he grate. 

12. The draught-hole. 

13. A hole in the vault, which, being opened, fer 
cool the furnace. 

Fig. 18. Reprefents a feclion of an Air Mel 
Furnace. 

1. Themafonry. 

2. The grate. 

3. The afh-holc. 

4. The afn-hole door. 

5. The fire-place and fuel. 

O. A crucible or pot containing the metal to be r 
ftanding upon a brick fupport, and covered 
tile. 

7. A horizontal flue or paflage through which th 
pafles to the chimney (8). In this horizont 
a brick door opens laterally oppofite to the tel 
By this means the fame furnace ferves botl 
melting furnace for melting metals in cru 
and alio for the operation of tefting or cupel 

8. The chimney. 

9. The mouth of the furnace through which 
thrown. This mouth is covered with a ftont 
iron-plate. 

10. A teft furrounded by fand. The flame of t 
ftrikes upon the metal contained in the cavity 
teft. 

11. An aperture through which the flame paftes ii 
horizontal flue. i he area of this aperture i 
fourteen to twenty-two fquare inches. 

The dimenfions of this furnace may be fuited 
quantities of metal to be melted. General 
area of the plan of the fire-place is from 64 
fquare inches, that is, the length of each fide 
area is from 8 to 12 inches. 

This complex furnace is ufeful to refiners of gc 
filver : but where the tefting part of the furnac 
wanted, as in furnaces for melting brafs or fb 
horizontal flue (7) need not have any lateral c 
or door. The length alfo of this flue may be 
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EXPLANATION OF PLATE li- 
ed, and its width made equal only to that of the 
aperture ( 1 1). . 

Fig. io. This figure reprefents a vertical tranfverfe fec- 
tionof a Reverberatory Furnace invented by Schlutter 
for the procefs called e liquation , by which filver is feparated 
from copper. See the article Eliquation. 

1. The mafonry furroonding the furnace, excepting the 
front (9). 

2. Two walls inclined to each other, covered with the 
two iron plates (7, 7,) that fupport the metal (8) 
to be eliquated. 

3. The way through which the lead and filver eliquat- 
ed from the metal (8) flows towards a bafon made 
for its reception without the furnace. 

4. The infide of the furnace. 

5. Thealh-hole. 

6. The grate and fire-place, from which the flame * 
partes towards the plates of metal (8), and efcapes 
at a chimney in the end of the furnace moft re- 
mote from the door of the fire-place. 

7. Two plates of iron. 

8. A cylindrical piece of metal compofed of the copper 
containing filver, and of a fuflicient quantity of 
lead to caufe the eliquation. The filver and lead 
thus eliquated from the copper, fall down into the 
cavity (3), and flow into a bafon on the outfide of 
the furnace. In this furnace ten or twelve fuch 
cakes or cylindrical pieces of metal are placed 
parallel to each other. 

9. The front of the furnace, through which the pieces 
of metal are introduced. This front is clofed with 
an iron door lined with clay, the length of which 
is equal to the length of the internal part of the 
furnace. This door may be raifed by means of a 
chain and pulley, when the pieces of metal are to 
be introduced. 

Fig. 20. Reprefents a vertical fection of a Furnace for 
Smelting of Ores of Iron. 

j, j, by by The height of the furnace above the level of 
the ground. 

by by Cy Cy The part of the furnace below the level of 
the ground. 

dy dy Shew the height where the great mafs of mafonry 
terminates, and the lmaller mafs and thinner walls called 
battles begin* 

d y * , a 9 dy 
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dy 6 y <r, dy Orte of fchefe walls called batiks . 
ty The mouth or upper opening of the furnace. 
fy fy A platform. 

gy gy Sections of the fmaller mafs of mafbnry. 
f, iy The beginning of the etalage. The fpace /, /, e, is 
fometimes called the charge . 

ky ky The end of the etalage, and the beginning of the 
work. 

iy ky i, and i, ky a, Are fections of the etalage. 
ty The bottom of the work. 

my The place where the melted metal and fcoria flow out 
of the furnace. The fcoria flows over the dame (»), and 
the metal flows at the bottom of the dame, and on one 
fide of it, through paflages made occafionally in the bank 
of fand and clay, with which this lower part of the front 
of the furnace is clofed. 

», The dame. 

dy A workman opening a paffage for the fcoria over th« 
dame, by means of a bar of iron. 

fy by A fe&ion of the arched fpace or embrafure, in the 
front of the furnace, under which workmen {land. 

Q. The vault under the furnace. 

R, R, Beams of wood to ftrengthen the walls of the 
furnace. 

X, A workman throwing fuel and ore into the furnace. 
Fig. 21. Reprefents a plan of the above furnace taken at a 
level with the tuyere. 
ky The work. 

my Sy The front of the furnace. 
ji, a, The bellows. 

Cy The tuyere. 

py qy The outer walls of the furnace, 
r, r. Two iron bars or pokers placed upon the dame (*)• 
my The opening through which the metal flows, 
m, /, The channel, and moulds made in a bed df fand, 
for the reception of the iron, when it flows out of the 
furnace. 

Xy Xy The inner walls of the furnace. 

Fig. 22. Reprefents a vertical feciion of a reverberatory 
furnace, ufed for the obtaining of Zinc from its ores. 
The conftruflion of this furnace refembles nearly that 
commonly ufed for making of glafs. Jt is a reverberatory 
vaulted furnace, the plan of which is circular. The hearth 
of this furnace is fupported by arched pillars. On this 
hearth, fix large pots, each of which is about four feet 

high, 
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high, and contains fome. hundreds of pounds of ore of 
zinc, and of charcoal, or other inflammable matter, are 
placed m a circular row. Two of thefe pots (a, 2,) are 
rtprefented in this fe&ion. A circular hole (4) is left in 
the hearth for the paflage of the flame from the fire-place 
into the reverberatory, from which it efcapes at a hole in 
the arch (9). In the head of each of thefe pots there is 
a hole for the introduction of the ore, which hole is (top- 
ped, during the operation, with a (topple of baked earth 
(1, 1,) ; and alfo there is a hole in the bottom, correfpond- 
ing with a hole on that part of the hearth on which the 
pot is placed. Through each of thefe latter holes is in- 
fertcd an iron tube (3, 3,), which is clofely luted to the 
contiguous parts of the pot and hearth of the furnace. 
The pots are to be filled with the mixture of ore and 
coal, in the following manner: The ftopple (1) of the 
mouth of a pot is to be removed, and into this mouth, 
one end of an iron tube or funnel is to be inferted, 
through a hole (8) in the vault immediately above the pot, 
while the other end of the tube or funnel remains with- 
out the furnace. Through this tube the mixture of ore 
and coal is introduced into the pot ; then the tube is re- 
moved, the ftopple is fitted and luted with fre£h clay to 
the mouth of the pot, and the hole in the vault (8) is to 
be covered with a lid. 

When the ore thus introduced is fufHciently heated, the 
zinc is revived or reduced by the inflammable matter mix- 
ed with it, rifes in the ftate of vapor, which finding no 
other vent, pafles down the tube (3). The lower end of 
this tube (3) being in contact with the external air is 
fufficiently cold to condenfe this vapor of zinc, and the 
zinc accordingly flows out of the lower end of the tube 
in the ftate of a melted metal, and falls or drops into a 
velTel (7) containing water, where it becomes folid. Thus 
zinc is obtained from its ores by the kind of diftillation 
called per defeenfum . When the diftillation is (inifhed, 
which is generally in three or four days, according to the 
heat applied, the nature of the ore, "and other circum- 
ftances, the tube (3) is removed, the refiduum is thruft 
out of the hole in the bottom of the pot by means of an 
iron bar or poker introduced through the opening of the 
vault (8) and the upper mouth of the pot. When the pot 
is emptied of the exhaufted ore, the tubfe (3) j s to be re- 
placed, fre(h ore and coal are to be introduced in the 
niaimer above-mentioned, and the operation is to be re- 
peated. 
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peated, without cooling the furnace or removing die 
veflels. 

This feflion is not taken from an exaft menfu ration, 
and therefore the proportions of the feveral parts are not 
accurately (hewn. Neverthelefs, as this method of ob- 
taining zinc has not before been publifhed, the prefcal 
figure may help to explain this lingular procefs, 
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\tion to the Article VITRIOLIC ACID, of the former Edition. 

CID (VITRIOLIC). When vitriolic acid is well concentrated, 
it is capable of congealing by a degree of cold exprelled by 
>r 14 0 of Reamur'% thermometer. For the knowledge of this 
rty we are indebted to the zeal which the Duke iTAyen has for 
iences. He has lately communicated to the academy a fet of 
iments and obfervations, no lefs important than curious, for 
1 he availed himfelf of the extraordinary cold at the end of 
iry, 1776. He expofed to this cold different matters, and, among 
, vitriolic acid in different degrees of concentration. Some very 
ntrated vitriolic acid, expofed in a window, in a porcelain cup, 
g the night of the 27th of January , was entirely frozen in 7 
hours. At the fame time were expofed to the fame cold, and in 
me manner, mixtures confiding of one part of the fame acid, to 
f which two parts, and to another four parts of water had been 
I, without any appearance of congelation at the end of 30 hours* 
le Duke ePAyeu relates in a letter which accompanies his me- 
that having diluted one part of the acid with eight parts of 
, this mixture could not be frozen with the fame degree of cold 
it had congealed the pure concentrated acid. But what mufb 
it the mod extraordinary to perfons to whom the phenomena 
emiftry are not familar, is, that this fame concentrated vitriolic 
which was entirely frozen in eight hours, thawed fpontane- 
in the fpace of thirty hours, although the cold rather encreaf- 
an diminifhed towards the latter part of the time. The caufe 
is lingular effe& did not efcape the Duke d*Aytn % who was fen- 
that as the concentrated vitriolic acid, when expofed to air, 
h moiflure ; and as a degree of beat is always excited by this 
nixing with water, andalfo, as he had difcovered that this acid 
ndered lefs capable of freezing by being diluted with water, 
caufes mull concur to dellroy the congelation, 
though the mixture of even a conffderable quantity of water 
vitriolic acid obllru&s the congelation of this acid, (water being 
jle of freezing with a much lefs degree of cold than the pure 
Hitrated acid) there mull be fome limit of dilution, at which the 
itity of water will be fo great as to determine the mixture to 
-e at even a lefs cold than the concentrated acid' does; and ac- 
ngly the Duke dPAyen found from an experiment, that fome 
>lic acid which did not freeze by a cold of ten or twelve de- 
1, when its fpecific gravity was to that of di Hilled water, as 
o 96, began to freeze at the fame degree of cold, when the 
was fo much diluted, that its fpecific gravity became to that of 
r, as 104}, or even as 103} to 9 6. 

A 2 ARSE- 


Digitized by t^ooQle 


BLACK-LE AD. 

ARSENIC. Mr. Navier, Phyfician at Chalons, hat lately publi<b- 
ed his refearches into the remedies agaihft metallic poifons, and 
efpecially arfenic. Being convinced from experience, that liver of 
fulphur, martial liver of fulphur, and alfo other folutions of iron in 
acids or in alkalis, can be readily decompofed by arfenic, even in 
the humid way ; and that in thefe decompofitions the arfenic unites 
with the fulphur or with the iron, he propofes to employ thefe fob- 
fianc es, and even ink, when the others are not at hand, as antidotesto 
arfenic. Thefe ideas mult be approved by every perfon who under- 
ftands chemiftry, for fince experience proves that arfenic unites u 
the humid way to the fulphur of the hepar, and to the iron of the 
martial folutions, it follows, that it ought to lofe more or left of ra 
caullicity, in proportion to the intimacy of union which it contn& 
with thefe matters. 

BLACK-LEAD; Called alfo, Molybdena, Plumbago. Thu 
matter, which is found in fome mines, was not known till lately, 
but by the ufe that is made of it. It is commonly employed as a 
black crayon or pencil, and as a covering to the furface of utenliU 
made of iron, in order to preferve them from rufl, and to give them 
a good appearance. It is atfo mixed in a large proportion with 
clay, to form a compofition for making the crucibles, which aic 
called Crucibles e/PaJhu, or Black-lead crucibles, and which areca- 
pable of fuftaining violent hear. As no metal can be obtained 
from it, fo as to produce profit in the fmelting of it, mcmUurpfis 
had entirely neglefted to examine it. 

• Mf.Twr is the firft cheipift who has given any attention to this 
matter. He has puMUhed a differtation on it. Although Mr. 
Pott is more engaged in this differtation in difculfing the fcntiments 
of'authmrs concerning it, and in Ihewingits ufes, than in making an 
•aecfi/ate analvfis of it, the refult, however, of the few experiments 

• which he made is, that it contains no lead nor any other metal bat 
iron. It is compofed, according to this chemiii, of a very refmflwy 
talky matter, and of a little vitriolic acid. The iron which Mack- 
lead contains, was partly indicated in Mr. Pelt ' s experiments, by 
the a&dn of acids, which diffolved fome of the contained iron, but 
not the whole of it, and by fublimation with fal ammooiac, by 
which martial flowers were produced. He obferved alfo that the 
fmoothnefs or unfluofity of black-lead, » not defboyed by acids, 
nor even by great heat, which feems to (hew that this property 
proceed* rather from the fcaly and fmooth form of its particles, thm 
from any matter which can be called properly grcafy, although we 
foall hereafter (hew that bleak-lead contains a good dealof phlogi<h»- 

We are indebted for the mod •extenfive and mod farisfaflory it* 
fearches on this fubrtance to M. de L. who has lately conwnumctf- 
ed them to the academy of fciences in a very good memoir on tW 
fubjeft, and he has been pleafed to give me leave to coramunWOT 
them before the publication of that memoir. 
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Black-lead being expofed to a very violent fite in a crucible dur- 
mg two hours, was not obi'erved by M. de L. to be fenlibly dimi- 
nifhed in weight : But having put lome powder of black-lead on 
the bottom of a muffle heated white, he obferved upon its lurface 
an undulating motion, which continued till all the mica i£as de- 
compoled or evaporated, and after it bad been expofed to the fire 
while this undulation lafted, he found that nothing remained but 
* redd'Uh brown powder, which was attraded by a magnet, the 
certain indication that iron is contained in this mineral. But the 
moil remarkable part of this experiment was the lofs of weight 
which was fuftained by torrefying this matter, in other refpeds fo 
retradory ; which IofsMefT. Pott and J^j///?had before obferved, and 
which was found by M. dc Lijle to be fo confiderable, that of the 
foft kind of black-lead ninety parts out of a hundred were loft, and 
of ihe hard kind eighty -eight parts out of a hundred. So confider- 
able a lofs, which does only take place in circumftances neceflary to 
combuftion, feems to indicate the exiftertce of a much greater 
quantity of combuftible matter in black-lead thdn could have been 
fufpeded. 

The refiduUms of thefe torrefadiorts yielded, by redudion, icon* 
in the proportion of two pounds four ounces of this metal to a 
hundred weight of foft black-lead, and of three pounds four ounces 
of iron to a hundred weight of the hard kind of this mineral. The 
iron proceeding from the foft kind was ftrongly attraded by a mag- 
net, but the iron of the harder kind was not very fenfible to the 
aftion of the magnet. This difference gives occafion io fufped, 
that notwithftanding the long torrefadion, the iron of the hard 
black-lead was not perfedly freed from fulphur, for nothing bur 
fulphur can prevent iron from being attraded by the magnet. 

I have remarked at the end of the article on Ores, that if we 
would know diem very well, wCmuft not be contented, as we 
have hitherto generally been, with fubmitting them to the adion 
of fire in crucibles, but that it was very eflential to colled theit 
volatile parts in ctofe veflels, by diftilling them with and without 
intermediate fubftances. Several chemifts, particularly M. Sage, 
have begun to follow this good method, which has already procured 
fome important knowledge. 

We find a new inftanCe of the benefit of ufing this method in the 
memoir of AT. de L. He expofed black-lead fingly to the adiurt 
of fire in clofe veflels, and diftilled it in a retort which he kept 
red-hot during feveral hours, having previously put into the re- 
ceiver fomc liquid fixed alkali, as M. Sage has pradifed in feveral 
of bis analyses, and although he obferved that this mineral did not 
lofe any fenfible weight by the diftillation, yet the alkali was found 
*• have formed cubic cryftals ; which circumftar.ce induced him to 
* A 3 believe 
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believe that fome volatile acid had efcaped from the black-lead, 
which acid uniting with the alkali, had occafioned it to cryftallize# 

It the nature of la Its could be determined by the form of the 
cryftals, and if fea-falt only afllimed in its cryitallization the cu- 
bical fhape, this experiment would prove the exigence of the ma- 
rine acid in black-lead : But the form of cryflals is a deceitful mark, 
and not fufliciently certain to ascertain the nature of a fait without 
other concurrent proofs. Accordingly M. de /.. not depending oa 
this circumflance, made other trials. He found that this fait pre- 
cipitated filver from its folution in nitrous acid. But the compleat 
reduction of this precipitate by the foie adion of fire, proved that 
the acid in queflion was not the marine, fince this latter acid forms 
a luna cornea, which not only cannot be reduced without addition, 
and merely by heat, but cannot be reduced without fome difficulty 
even by addition of intermediate fubflances. M. de L . fufpe&s 
that this acid of black-lead is the fame as that of the fpathofe ores. 
Moll of thefc ores, being treated by the fame procefs, exhibit the 
fame phenomenon. But it is now known that this acid is the gas, 
known by the name o {fixed air, or mcpbjtic gas , which has no pro- 
perty in common with marine acid. 

As it is very pofiible, that if we proceed to examine minerals 
more accurately than has been done, we (hall find feveral which yield 
volatile fubflances, and even gafes incapable of being fixed by al- 
kalies, fuch as inflammable gas , it follows, that the method of put- 
ting liquid fixed alkali into receivers is defedive, aqd may lead to 
error, and that it is necefiary to employ for thispurpofe the pneu- 
mato-chemical apparatufes, which are adapted to the purpofe of 
receiving and meafuring the quantity of the gas expelled. 

M. dc L. expofed black-lead to the adion of feveral interme- 
diate and diflolving fubflances. He diflilled two parts of vitriolic 
acid with one part of black-lead, and he obferved, that the receiver 
was filled with white vapours, and a volatile folphureous acid, 
which continued to fmoke even fome days afterwards, when the 
bottle containing it was bncorked. This operation being repeated 
four times fuccellively, and the fame acid being cohobated always 
upon the fame black-lead, the acid at length became of a beauti- 
ful green colour, and by evaporation yielded firfl an ocher}* preci- 
pitate, as folutions of martial vitriol do, then a foliated and (hill- 
ing felenites, and lafily cryflals of alum. 

The moll remarkable circumftance is, that notwithfianding fo 
many cohobations of vitriolic acid, the remaining black-lead was 
Hill black and unduous. 

Nitre mixed in equal parts with this mineral, and expofed to 
fire in an open veflel, detonated ; but the refiduum neverthclefs 
retained its black colour. When the fame mixture was diflilled in 
a retort, vapours of nitrous acid w ere produced ; but when the 

bottom 
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bottom of the retort began to be red-hot, a detonation happened, 
which burft the veflels. 

La My a mixture of equal parts of black-lead, and fal ammoniac, 
being fublimed, yielded flowers of fal ammoniac, evidently martial, 
of a lively yellow colour, the folution of which formed an ink when 
mixed with an infufion of galls. But when this fublimation was re- 
peated upon the fame black-lead, the colour of the flowers became 
fainter each time, and at length they were white, as M. Pott alfo had 
obferved. But M. de L. mentions two circumftances which M. 
Pott baa not obferved. The firft is, that the black-lead from which 
the fal ammoniac role white, was not altered in colour nor in tex- 
ture by the operation : and the fecood is, that the bottom of the 
glafs veflel which had been ufed in thefe operations, had acquired 
very evident rainbow colours. 

It feems to be well proved from the experiments of M. Pott 9 and 
flill better by thofe of M. de L. that the greateft part or bafis of 
black-lead is a micaceous talky matter, the earth of which being of 
an argillaceous nature, forms alum, with vitriolic acid, according to 
M. Sage's obfervation ; that this talky matter is fo intimately com- 
bined with a certain quantity of ferruginous and phlogiltic matters, 
which perhaps are nothing elfe than iron itfelf, as M. de L+ 
judicioufly obferves, that neither combuftion, nor the mod power- 
ful agents can deprive it entirely of thefe matters ; and laftly, that 
in this mineral a volatile fub (lance alfo exifts, which feems to bo 
acid, but of which the nature and quantity is not yet perfectly af- 
ccrtained, and requires new refearches of the kind which I have 
mentioned above. 


BLOOD. 

T H E analyfis of blood was but little advanced at the time 
of the publication of the firlt edition of the Dictionary of Cbe- 
miftry, and I therefore confined myfelf to wilhes that it might be 
further profecuted. Thefe willies have been lince fulfilled beyond 
my expectations by M. Roue lie and M. Bucqutt . The former has 
publiflied his experiments in the Journal de Medicine for 1773 and 
1776, and the latter in a memoir prefented to the Academy of 
Sciences, not yet printed. 

Before the refearches of M. RoueUe % iome authors, particularly 
Haller and De Hacn y had obferved that faline matters exilted in the 
blood. De Haen particularly had deduced the prefence of an alkali 
from the obfervation that water in which coagulated blood was 
walhed was alkaline, and that dried blood effervefeed with acids. 
M. RouAle undertook to determine the kind and the proportion of 
this alkali, and whether it was in a combined or difengaged lhte. 

A Having 
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Having obferved that not only the ferum of the blood of men and 
quadrupeds, but alfo the waters colle&ed in different kinds of drop- 
lies, have the property of being coagulated by molt acids, by heat 
of boiling water, as the white of an egg is, of being mifcible with 
water, of acquiring a confidence, and clarifying liquors like the 
other animal lymphatic fluids, and cf changing the colour of fyrup 
of violets tp green as fenlibly as water in which an alkali had been 
diflblved; and having convinced himfelf from experiment, that 
the water diddled from 0ie blood in a water-bath does not, while 
recent, in any degree alter the colour of fyrup of violets, has thence 
judly concluded, that the property of making the fyrup green is 
not owing to the alkaline quality of the ferum of blood, nor to a 
volatile alkali contained therein, as fome authors had thought, but 
to a difen gaged fixed alkali. His proofs are, that after a diftiilation 
of bio »d in a water-bath, the dry brittle matter, more or lefs colour- 
ed, and refembling glue, (from which however it is different in this 
refpeid, that it is not ealily foluble in water) contains really a fixed 
marine alkali, uncombined, which crydallixes inform of a falinc 
effervefcence, and which may be collected from the furface of this 
matter a’ ter it has been kept in a glafs jar, covered only with paper, j 

du mg a year, or a lefs Ipace of lime, while this matter fofrens and ; 

ceafes to be brittle, by means of the moidure which it receives ' 

from the air. 

lo this proof, fufficiently convincing of itfelf, M. Roucfo addi 
feveral experiments, “ If (fays he) five or fix pounds of ferum of 
“ blood, or of the water of droplies, be diluted in twice as much 
44 diflulcd water, to which, from fix gros to an ounce of common j 

“ vitriolic acid has been previouily added, if thefe be well mixed j 

“ together, and the mixture firft dried in a water-bath, then re- 
peatedly walhed with boiling water, and if the lotions or water 
thus employed, (which are acidulous) be farurated with chalk, 
il fo that the fupeiabundant vitriolic acid may be engaged, the li- 
“ qnor, after liltr.rion and evaporation in a water-bath, will yield 
4 ‘ a true Guilder's fait. ” To prevent the obje&ion that might be 
made from a fuppofition that the vitriolic acid might unite with the 
marine alkali, even if it were in a combined date in the ferum, M, 
Roue lie made an experiment in which he fubdituted didilled vine- 
gar in place of vitriolic acid, and he obtained fine crydals of an 
acetous fair with balls o t marine alkali. 

Tl. • remarkable exidence of a difengaged marine alkali in the 
ferum o: blood, and other analogous liquors, is not the only did , 
covcry that has been lately made. The prefence of iron in this 
liquor is another no lefs important difeoverv. This metal has long j 
ago been obferved in vegetable allies. Some philofophers have 
con fide red it as the caufe of the colour of flowers. Its cxiff- 
cnce has even been fufneded in animals, and the red colour of 

blood, | 
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blood has been attributed to it. But the firft perfoti whor tiiafib a 
continued refcarch into this fubje# is M; Meit^bini, Who has ptorec$ 
that not only the blood contains much iron, CfpeCiafly in its red 
part, but atlfo than martial preparations taken internally, pafs in 
great meafure into the blood, in which * it produces, and by 
the anatyfis of which h may be again traced. The detail oi thefe 
rcfearcht* may be found in the fecond' Vblurad of the bofognian Me - 
*nr$. To the experiments of M. Mengbini , which are very fetis- 
fa&ory, M. RoucHt has added dill more piVcifion, and has publifhed 
further obfemrions on the feline matter contained id the blbod, as 
may he feen in the Journal dt Metlieiitt^ Jalj y *776. According tb 
this abk ehemfd, “ the blood of healthy men being dried, burnt 
44 and calcined to afheft, Contains fixed mineral alkali; fomefea- 
“ fait, a (mail quantity of febrifugal fait, an animal or calcareous’ 

M earth, fome iron, arid faff ly coal. The quantities of the fixed ? 

41 alkali, and of the neutral felts, were found to be in the propOr- 
“ tionof 28 or 29 parts of the fixed alkail, to 16 or 17 parts of 
44 the neutral falts. When the lotions or lbcivia of the afhes of 
44 blood are evaporated at different times, fea-falt is firft obtained, 

44 then febrifugal fait, aridfaftly fixed alkali. 

44 The athes which remain aifrer theft lbtidns, afe cothpofed of a 
M little adifeal earrth, ofcoaF, and of a conftderable quantity of 
44 iron. The animal ejkrthis nearly one-tenth of the whole ; and 
44 thO quantity of coal is not very confiderable, but varies accord- 
44 iog to thb degree of calcination. 

44 When thefe after art? treated with ptire marine acid, the earth 
4 * may be feparated from* the iron, a* the 4 c?d Unites with thd earth 
44 in preference to the metal. The 1 iron then remains mixed with 
44 a little coal, which is not readily feparated from it. 

44 The iron obtained in this experiment is* of a fine colour of 
44 martial crocus, although if is attradtable by a magndt, and if any 
44 portion (Would ndt be attraCtaMe, this quality may be given to it 1 
44 by foaking it in oil of olives, and mating it (lightly red-hot in a J 
44 retort of coVefed 1 and luted crucible. The iron thus obtained 
44 from blood, is foluble in aff acids, and prefents the fame pheno- 
44 mens as filings of iron differed ih acids. Thus when vitriolic 
44 and marine ackls are employed, the vapours are equaHy inflam- 
44 mablc, and when vitriolic acid is ufed, a true mania! vitriol is 
44 obtained.” 

M. RentUt has fubjeCbed to the fame experiments the blood of 
fereral quadrupeds, With the feme refult, but With different quanti- 
ties and proportions, not only among the different fpecies of animals 
but alfo among different individuals of the fame fpecies, which dif- 
faiences mnft proceed froth the nourifliment or flate of health which 
«tcb animat happened to poflfefc* The feliheand ferruginous fub- 
* A 2 fiances 
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BLOOD. 

fiances above-mentioned, although they appear to be contained 
habitually in blood, are neverthelefs in fome meafure foreign to ir, 
and ought not to be confidered among the elTential condituent parts 
of this fluid, which confifts aitnod entirely of a coagulable, lym- 
phatic, animal matter. In a little time after it has been drawn 
from the veflels of a healthy animal, it becomes, by reft and cold, 
coagulated, and has a gelatinous appearance. But in time a yel- 
lowifh liquor feparates from this coagulum, which appears to be 
the mod watery part of the blood and is called Serum . This liquor 
readily mixes with water, and when it is dried in a water-bath, as- 
M. Roue lie has done, it affumes the appearance and properties of 
an animal jelly or glue, with this difference neverthelefs, that it is 
more difficultly rediflolved in water than the pure glues, and that 
it is capable of being coagulated by the heat of boiling water, as 
the white of eggs and other lymphatic animal liquors are, fo that 
it appears at once to partake of the nature of the gelatinous and of 
the lymphatic part of animals. 

After the ferum is thus lpontaneoufly feparated from the coa- 
gulum, this latter fub (lance may be further feparated into two very 
diflimft parts by merely wafhing it repeatedly with water. The 
water carries off with it the red part which is very foluble; 
and the reflduum, which is entirely white, is a concrete matter, 
inlbluble in Water, and lomewhat elaftic. This matter is called the 
fibrous part of the blood. Of all the fubflances which circulate in ani- 
mal bodies in a liquid date, this appears the mod difpofed to 
become folid, lince it coagulates even in the cold, and in 
iuch a manner that it cannot be any more dilfolved in water, 
fo that it may be confidered as more concrelcible than pure animal 
lymph. 

M. Racquet has principally examined thefe three parts of blood. 
According to this excellent chemid, the coagulation of the ferous 
or lymphatic part of the blood is not caufed by deficcation or by 
the lots of its watery part ; but is folely the effe£t of heat. 

The water obtained from it by didillation in a water-bath, as 
well as that obtained from other animal matters, although at firft it 
be infipid, and does not occaflon any alteration on fy rup of violets, 
is not however pure; for it contains fome animal matters. The 
proof of this is that at the end of a certain time, this diddled water 
thews ligns ot putridity, of a difengaged volatile alkali, and renders 
fy rup of violets green. M. Roudlc has alfo made the fame obser- 
vation. This ferum being dried in a water-bath and diddled in a 
retort, yields, as foon as it is hot, fome volatile alkaline fpirit, a 
large quantity of folid volatile alkali, fome fetid oil, the greateft 
part of which is heavy and falls to the bottom of the alkaline fpirir. 
The coal remaining in the retort is very light and fpongy, and fills 

entirely 
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BLOOD. 

entirely the cavity of the vefleJ. It contains much fea-falt, jfnd 
fixed marine alkali, which may be feparated by walking with 
water. 

This coal thus lixi rated is not ealily reduced to alhes. For this, 
purpofe it mud be kept feveral hours under a muffle, by which 
means it becomes a grey affl, like that of vegetables. This affl 
when it is produced from a ferum perfectly free firom any. 
mixture with the red part of the blood, contains but infinitely little 
iron. 

This animal liquor mixes with cold water in all its proportions,, 
and if it be thrown into boiling water, one part of it coagulates and 
another part unites with the water, but is not completely diflolved; 
for the water becomes and remains milky and cannot be cleared by, 
feveral filiations through paper. When it is made to boil, it fwells- 
• and froths ; a pellicle is formed on its furface, like that on milk, 
and the addition of acids or of fpirit of wine coagulates the particles 
which render the liquor turbid. 

The ferum of blood is extremely difpofed to become putrid • 
for M. Bucquet having expofed fome to air, it became putrid in fo 
little time, that he could not determine whether it previoufly be- 
came acid. 

When weak acids are mixed with ferum, it is thereby coagulated ; 
and when the remaining part of the liquor 19 feparated by filtration, 
neutral falts may be obtained by evaporation, which fairs are formed 
of the acid employed in uniting with the marine alkali of the ferum. 
The coagulated matter remaining upon the filter, being repeatedly 
waffled, dryed and diftiiled in a naked fire, yields the fame products 
as the fame lymphatic ferum which had not been mixed with acids. 
The coal remaining in the retort contains much marine alkali. It i s 
proved by thefe experiments, that, if a part of this alkali ex ills in 
this liquor in a pure and difengaged (late, there is alfo another parr 
which appears to be combined, and which docs not unite to thefe 
acids, and which cannot be carried off by the plentiful waffling. 

The concentrated nitrous acid diffolves the ferum after coagula- 
ting it. This folution is accompanied with much effervefcencc, 
and the diffolved matter may be precipitated by addition of 
water. 

Alkalis do not coagulate the lymphatic ferous part of the blood ; 
and the cauftic volatile alkali even difiolves it after it has been co- 
agulated by other means. The compound which refults from this 
folution by caufiic volatile alkali cannot be decompofed but by the 
aftion of an acid. 

The neutral falts with alkaline or earthy bafes do not occafion * 
any alteration in the ferum. But almoft all the metallic falts form 
with it a confiderabic preci pitate. 

We 
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We have already faid, that the ferous part of the blood, even that 
part which can unite with water, is coagulable by fpirit of wine. 
And it is well worth notice, that the fcrum thus coagulated by 
fpirit of wine may be re-diflblved in water, but that the coagulum 
by means of acid9 cannot be thus diflolved. 

The fibrous part of the blood, that is to fay, that which forms 
the coagulum fpontaneoufly by reft and cold, after it has been de- 
prived of all the red particles by wafliing in water, yields by diilil- 
lation in a water-bath nothing but an infipid phlegm, which at firft 
is not alkaline, but which becomes alkaline when it has been kept 
fome time. M. Bucquet obferves that a very fmall degree of heat 
hardens remarkably this fibrous part of the blood, even before it 
lofes its molffure. It acquires at the fame time a dirty grey colour, 
and (brinks as parchment does when expo fed to the fame hear. 
This part of blood, being dried and diililled in a retort, yields 
nearly the fame products as the ferum does. But the coal that re- 
mains is more heavy and compaft. It contains no faline matter, 
having been wafhed before its diflillation. It may be reduced to 
allies more eafily than the coal remaining after the diflillation of 
ferum, and itsalhes, which became perfeftly white, contain neither 
faline nor ferruginous matter. 

Other experiments of M. Bucquet teach us that this fibrous part 
is not foluble in boiling water, which on the contrary, hardens it, 
and at the fame time, gives it a grey colour. It is not foluble by 
fpirit of wine, nor by oils, nor by the yolk of an egg, nor by alka- 
lies, nor even by cauflic alkali, which we have faid diflolves the 
coagulum of the ferum. But all acids, even vinegar, eafily dif- 
folve this matter. It may be feparated from its folution in acid by 
water, and flill better by alkalis. Thefe are remarkable pro- 
perties and are analogous to thofe of the glutinous animal matter 
of flour, and of cheefe. 

The red part of the blood feparates fpontaneoufly from the feum, 
and, as we have faid, may be eafily feparated from the fibrous part 
by wafliing with water, in which it is perfectly foluble : the water in 
which this red part of the blood is diflolved becomes of a deep red, 
and the matter diflolved differs little, as Meflrs. Rouclle and Bucquet 
obferve, from ferum. Like ferum, it is coagulable by heat, bv 
acids, and by fpirit of wine ; it is foluble by volatile alkali ; and 
it yields the fame produ&s by diflillation ; its coal is equally light 
and charged with common fait and mineral alkali ; but it is with 
difficulty reducible to afhes, and thefe allies, which are of a brown 
red, like a martial crocus, owe their colour to the iron which they 
contain in very great quantify. 

From 
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From thefe interefting experiments it appears that ell the uroft 
which is obtained in the analysis of blood, proceeds principally, if 
not folely from the redpart ; and they confirm the opinion of thofe 
who attribute the red colour jof blood to this metal. 

An observation in the pradice of medicine, which is found to 
accord with this idea, is that the martial mineral waters, iron in 
fubdance, and in general aU the preparations of this metal, a con* 
fiderable part of which at lead pafles into the blood, as the experir 
meots of M. Mcngbini {hear, are the bed remedies that can be em* 
ployed in the chlorofis, in which difeafe we know that the blood 
is alraoft totally difcoloured. 

This red colour of blood is fubjeft to fome variations, in difie* 
rent circumdance*. It is believed, not without probability, that 
the a&ion of the air girts to it more ludre and vividnefs. It is 
pertain that the blood of the pulmonary vein and of the arteries, is 
of a more exalted red than the blood of the veins ; and Dr. Priedly 
has made curious experiments which fhew very fendbly the great 
influence of the air on the red colour of the blood.* 


BONES. 

B ONES are the mod folid parts of animals, and they owe this 
folidiry to the great quantity of earth of which they are al- 
moft entirely compofed. They contain alfo (befides the fat part of 
the marrow, which are only interpofed) a con fiderable quantity of 
the fame animal gelatinous fubdance which exids in the fielh and in 
tlmodall the other parts of animal bodies. Set JELLY. 

This gelatinous matter maybe almod entirely feparated by long 
and drong deco&ions in a large quantity of water, or by didblving 
the earthy part in the nitrous acid diluted with water, as M. 
Herijfant has done after Stahl. Combudion, or calcination to 
whitenefs, is another more expeditious method of obtaining the 
earth of bones entirely deprived of all its gelatinous part, when the 
intention is only to examine this earth, the nature of which has 
been entirely unknown till lately. 

Chemids might well be embarrafled with the earth of bone9, as 
on the one fide, it exhibits with acids all the phenomena of calcare- 
ous eanhs, and on the other fide, it wants thechara&eridic property 
of thefe earths ; namely, the propercy of being Converted by fire 
into quick-lime. Accordingly, feveral opinions were formed con- 
cerning the nature of the earth of bones. Some chemids confidered 

it 

* Concerning the influence of air on the colour of blood, fee the 7 V«n 
tiftgg tt* •various kinds of term orient ly el aft e fuidt, page xji^ Second edition, 
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it as a combination of calcareous with argillaceous earth ; others 
"thought it refembled the magnefia of Epfbm fait; and the moll 
prudent remained doubtful, till further experiments fhould produce 
new light. TUefe experiments have been made in Sweden, and 
publilhcd a few years ago. They contift in extracting from bones, 
even when they have been calcined to whitenefs, by means of the 
vitriolic acid, n faline, fixed, and vitrefcible matter, which ads as 
an acid : is analogous to that obtained from fufible, or phofphoric 
fait of urine ; and like this fair, is capable of forming KunkcW% 
phofphorus, by combining with phlogitfon. 

I have only been informed of this difcovery, by the Gazette , 
Saint aric de Bouillon, October, 177 r ,. It is there faid, that Mr. 
Hen*y Qabn , a phyiician at Stockholm, has communicated a pro- 
cefs for extracting from bones the faline matter in quellion ; and 
chat Mr. Schcelc had afeertained, that the earth of animals was 
computed of a calcareous fubltance united with the phofphoric 
acid. This difcovery, continues the author of the article of the 
(}a/.ette, belongs to Mr. and has been confirmed by later 

experiments. 

It appears then, that thefe two chemifls partake equally of this 
tiifemery. I prefume, that having applied vitriolic acid to the 
earth of bones in a fufiicient quantity tor the reciprocal fat oration 
of the two fub francos, they have feparated, by wafhing, the felenitic 
matter formed in the operation ; and that after filtrating all the 
acid liquor, they have expofed it to evaporation. 1 believe alfo, 
that the Swedifh chemifts judged, from the liquor becoming thick 
rowatds the end of the evaporation, or from fome other fign, that 
it was the fame faline matter which is called phofphoric acid; for 
it was faid by them, that when they mixed fome charcoal powder 
with this matter, and diftilled the mixture, a phofphorus fimilar 
*0 that from urine was obtained, by a heat not exceeding that 
w hich a luted glafs-retort could bear. 

Another procefs is alfo mentioned for extrndVmg this phofphoric 
acid from hones. It con fills in dilfolving bones in nitrous acid, in 
adding to this folution vitriolic acid, till more felenires is preci- 
pitated, and in diftilling, or evaporating the liquor, in order to 
expel the nitrous acid which is now become difengaged, and the 
excefs of vitriolic acid, if there Ihould be any. Thus is obtained 
a refiduum fimilar to the preceding, and with which phofphorui 
may be alfo made. 

Thefe fine experiments fiievv, that tire earth of bones isfaturared, 
at leaf! in part, with the fame acid, or phofphoric fait, which afls 
as the acid in the fulible fait of urine. The Svvcdifh chemifls fa)’» 
what is very true, that it phofphorus cannot be immediately obtain- 
ed from bones, the rcafon is, becaufe the fait, or phofphoric acid 

engaged 


Digitized by t^ooQle 



BONES. 

engaged in a calcareous earth, or in a fixed alkali, cannot quit thefe 
bafes to combine with the inflammable principle with which alone 
it can form phofphorus ; and therefore the calcination of bones doe* 
not prevent the faline matter from being afterwards extracted from 
them by means of acids. 

Adifcoreryof this importance required to be verified with the 
greateft care, and accordingly M. PouUetier de la Salle 9 author of 
the French edition of the London Pharmocopeia, whofe zeal and 
abilities are well known, and with whom I have the advantage of 
profecudng chemical refearches relative to medicine and animal 
oeconoroy, having propofed to me to make this verification together, 
we attempted it, and after f$veral trials, we obtained, from hartf- 
horn calcined to whitenefs, by the intervention of the vitriolic acid, 
the faline matter mentioned by Mr. S<hcele 9 at firft of the confidence 
of a fyrup ; and afterwards, by evaporating it to drynefs, and melt- 
ing it in a crucible, in order to purify it, it became a vitreous 
matter, which being mixed and diililled with powder of charcoal, 
yielded a very fine phofphorus, which Mefirs. D'Arcet and Rouclle 
faw taken out of the receiver. I Avail not enter here into the detail 
of the experiments and obfervations which we made on this matter, 
becaufe our refearches are not yet finifhed. But feveral chemifls, 
cfpecially M. Rouelle , and M. ProuJle 9 a young artift of great hopes, 
being now alfo occupied on this fubjed,we have reafon to hope for the 
knowledge of fome interefling fads. I am informed by M. Rouelle 
that a larger quantity of phofphoric fait may be obtained fVom un- 
calcined, than from calcined bones. This quantity is not yet deter- 
mined. But after what we have hitherto obferved, I am inclined 
to believe that three or four ounces may be obtained from a pound 
of hartihorn. We do not yet know whether the bones of all animals 
yield this phofphoric faline matter, and in an uniform quantity. 
Many experiments, and much time are required, to decide thefe 
queftions. The fads which are now ascertained by fads well 
verified are, that the earth of bones is eflentially a calcareous earth, 
forming a felenites with the vitriolic acid, and calcinable into quick, 
litne, after it had been feparated from the vitriolic acid by means 
of a fixed alkali, and well walhed ; as M. PouUetier and I were con- 
vinced from our experiments; and that if it cannot be converted 
into quicklime while it is united with its acid or phofphoric fait, the 
reafon is, because this faline matter, which is of itfelf very vitref- 
cible, and capable of vitrifying other bodies, begins to vitrify the 
earth of bones, whenever it is expofed to the heat requifite to con- 
vert calcareous earth into quicklime. 

Thefe are the experiments which feem to prove that the earth of 
hones is eflentially calcareous, or at lead that it is mixed with a 
large quantity of true calcareous earth. Th*at we might know 
whether the earthy fait, almoft infoluble in water, which we had 
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obtained from mixing vitriolic acid with earth dfbonej, bad it? 
marks of ordinary felenitts ; after we had well wafhed this matter, 
we diddled it during two hours with a lixivium of pot-afh, which 
did not appear ro produce any fenfible efTcft. We then filtrated 
and evaporated the liquor, bv which means we obtained a laminated 
fait, which appeared to us to have all the chambers of vitriolated 
tartar. 

The earthy matter which remained upon the filter, was very 
white, friable and infipid. We cab ined it during two hours with 
violent heat in a German crucible placed in an air-furnace. Af- 
ter this calcination, this matter was white, moderately agglutinated 
into a mals at the bottom of the crucible. It had an acrid alkaline 
fade. It was not much diffufed by pouring on it diftilled water; 
bur this water thereby acquired the acrimony of lime-water. We 
filtrated if, and added to it fome mild fixed alkali, upon which it 
depofbed a copious white precipitate, as lime-water does. La illy, 
a c: uft was formed on this water, like the cream of lime. 

Although the calcination which wc c 1 be died of the earth of boiler 
deprived ot its phofphoric acid, and of the vitriolic acid employed 
in the p r ccci*s, was not complete, iince its extinction in water wai 
not accompanied with heat, the marks of quicklime which we ob- 
ferved, are fu violently fcnfible, to fneiv that this earth is etTen- 
tially of calcareous nature, and that if in its natural itate it doer 
not exhib’r all the marks of calcareous earth, the reafon is becaufe 
it is combined \vi;h phofphoric fait or acid. 

Docs not faline matter fit for making phofphorns, found firff :tf 
human urine, and noiv in bones ot animals, refide in many other* 
animal fubitajices ? Experience alone can afeertain this point. Set 
the Article PHOSPHORUS of KUNKEL, for the properties of 
the phofphoric acid. 


Addition to the Article BORAX, of the fortner Edition* 

B ORAX. Notwithflanding the experiments which have bttn 
made on borax and the fedative fair, chemifts are not yet de- 
cided in their opinions concerning the narure, principles, and 
even fome of the properties of thelc faline fubftances. This un- 
certainty induced Meflrs. Cadet and Bcaume. % both of the academy 
of feiences, to apply their rc (hatches upon this fubjedt. But a? 
thefc two chemills do not agree, neither in all the fadts which they 
relate, nor in the confequenees to be deduced fiom thefe fa#s, I 
will only relate in a fu nun ary manner the relults of their expen* 
menrs, without giving any preference to the opinion of either, 
becaufe 1 think, that? in fadt fever al ot the conteited points are 
doubtful, and cannot be cleared up without further experiment. 

M- CaJtf 
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M. Cmdet preferred the crude borax to the refined as the*fubje3 
if kis experiments, and the kind which he ufed is that known in 
rwmincite under the title of Borax of China . From this borax he 
icparateti by means of folutions and filiations a whitifb earth, on 
l ^ i ch he made many experiments, which are related in the fifth 
Volume of the Memoires des Seamans Etran*ers, One of the moft 

o 

remarkable of thefe experiments is that, in which he obtained 
fr wn this earth a regulus of copper, which he depofited with the 
•cndexny. M. Cadet thinks that this regulus is one of the princi- 
ples of borax or of fedative fait. Mr. Beaumk , on the contrary, is of 
opinion chat this metal is only found accidentally in borax, and 
th*C ic proceeds from the vefTels in which this faline matter is pre- 
pared. The proof of this is, that in whatever manner pure borax 
is examined, it gives no mark of copper. M. Cadet anfwers thefe 
objedions by experiments which {hew that copper may be fo dil- 
gniied by its union with different faline matters, that it cannot be 
dUcovered by the ordinary trials ; and efpecially by the juffion of 
Tolatile alkali, which is the ufual, and thought to be the moft cer- 
tain. The different combinations which he made of copper led 
him to the competition of a kind of artificial borax, which has the 
property of foldcring well filver and copper. He announces that 
he has made on this.fubjedt forae new experiments, which he will 
fcon publifft. 

The earth which is feparated from crude borax, during its pu- 
rification, contains, according to M. Braumky much fedative fait. 
He has extra&ed fome of this fait from that earth by the ordinary 
method of folution, filtration, evaporation, &c. but more eafiiy 
by addition of an acid. M. Beaumk has alfo afeertained, that even 
ia the decompofition of refined borax, a fmall excefs of acid fa- 
sour* much the feparation and cryftallization of the fedative fait. 
But M. Caddy although he agrees with M. Bcaumk in the good ef- 
of anex'cefsof acid in operating upon borax, is not of the fame 
opinion refpe&ing the earth of crude borax. He affirms, that hav- 
ing made repeated lixivium* of large quantities of this earth, thefe 
lixivium* when filtrated and evaporated did only yield a pellicle 
with rain-bow colours on the furface of the liquor, and even that 
tU* pellicle was not fedative fait, but a matter which, when per- 
fect y dried, was quite infipid, and as little foluble in water as . 
ftknites and gypfiim. M. Cadet adds, that when thefe lixiviums 
of tbe earth of borax are evaporated, if the pellicles are allowed to 
precipitate, inftead of removing them as they form, the liquor ac- 
quires a colour towards the end of the operation, and alfo an 
Urinous fmell ; at which time, he fays, all the pellicles, w hich 
bad precipitated, di (appear entirely, the liquor acquiring then tbe 
tafteof borax, and realty containing a certain quantity cf this 
blinc matter, which may be thence obtained by cryflaVdxation. 

$ M. Cadet 
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M. Cddet concludes from thefe experiments, that the earth indaef- 
tion is nothing but borax, the aggregation of wbofc part* had bo (0 
broken and difunited by the water, and whofe regenervtkm is^fe 
fcded by the fame means by which it had been decomposed. 

Mr. Bcaum't agrees that fome borax may be obtained frottrti* . 
earth that is Separated in the purification of that fah; but ask if 
only by means of the portion of Sedative fah which it ftill conta’tMy 
it is neceffary, he fays, to add to it a quantity of mineral alkali 
proportionable to the quantity of fedativc fait, and fttfkJent 
to faturate it, and reduce it to borax. Mr. Beam*} conclude* 
from thence, that by adding at firft a Sufficient quantity of 
mineral alkali to the lixiviums made of crude borax, in order to 
purify it, the whole quantity of the borax may be at once pro- 
cured, the earth containing one of its principles. 

Before M. Baron had publifhed his memoirs on borax, nothing 
was known decifivcly on the nature and pre-exiftence of Sedative 
fait in borax. Hombcrg and Several other chemifis have thought 
that the Sedative fait was compofed partly of the acid employed in 
the pfocefs for obtaining it. But fince M. Baron has made hi* 
experiments, mod chemifts have been of opinion with him, that 
Sedative fait exified ready formed in borax, that acids do nothing 
but Separate it from the mineral alkali, do not enter into its com- 
position, and that consequently there is but one kind , of Sedative 
{alt, this fait being always the fame, whatever acid may have been 
employed to difeugage it. 

On this important point, M. Cadet has declared himfdf to be 
of the opinion of thofe who, before M. Baron f believed that the 
Sedative fait was a new compound, refulting from the union of cer- 
tain principles contained in borax with the acids employed in the 
procefs. Befides the experiments which he has already publifhed 
in Support of this opinion, he hopes to prove fhortly, 44 Thatfe- 
44 dative fait is not ready formed in borax, and that k partakes 
44 not only of the acid employed to difengage it, but alfo rhst 
44 it contains a portion of the bafis of fea-falt contained in 
44 borax, and that it 19 owing to this fame alkaline bails, 
44 that cream of tartar owes the Solubility which it acquires when 
44 combined with Sedative fait in the new neutral fait of M. dtls 
44 6W, which M. Cadet confiders as a compound, confining of 
44 five different principles. (Mem. de l’Academ. 1766, p. 365.) 
44 Sedative fait, according to M. Cadet , may be combined in fevers! 
44 different modes with different falts, which when thus combined 
44 do not fhew their properties by the ufual methods of difeoverisg 
44 them. For infiance, he combined fedative fait with pute nitre, 
44 and in this compound, he could eafily diftinguifh the peculiar 
44 cold tafte of nitre. He obferved alfo, that by folution and cry- 
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CALXES (METALLIC.) 
u failization, he could feparate the cryftals of nitre. But never- 
u tbelefa, this compound does not fufe on burning coals, nor bjr 
this atexhod yield any fixed alkali, as M. Cadet fays.** 

XL Btaumty however, maintains firmly the opinion , of M. 
Barm, He nor only affirms that fedative fait exifts ready formed 
in borax, but he alfo announces, that by following one of the 
pfocefies mentioned in Mr. Pott's differtation, he has been able to 
make fedative fait, by combining the acid of fat with an argilla- 
ceous earth, by means of a digeftion or maceration of a mixture of 
fat and clay continued during feveral years, in which mixture 
neither the acid nor the bafis of fea-falt entered. 

Ever fince fedative fait has been known, it has been fufpe£led, 
that it contained an acid. Moil chemifts have believed' that this 
2cid is the vitriolic, although fome, as profeffor Meltefer , M. Boar* 
drliw, and M. Cadet , are of opinion, that it is the marine. M. 
Cadet mentions fome effects on metals produced by marine acid, 
and calls to fupport his opinion, the fine experiments of M. de 
LaJJone, related in the memoirs of the academy of fciences for 1757, 
in which we are told that a fait very fimilar to fedative fait was 
obtained in a combination with marine acid. 

M. Cadet is convinced from many experiments, particularly by 
waffling fedative fait with fo great a quantity of water, that of 
fifteen ounce? of fait, one only remained, which he drained, care- 
fully on blotting paper ; that this faline matter does always retain 
an excefs of acid, turns to red the blue colours of vegetables, and 
ipakei a fenfible effervefcence when united with an alkali. He 
maintains that this excefs of acid is common to all fedative falts, 
with whatever acid they may have been prepared. But this able 
chetnift announces at the fame time, thpt he will foon prove that 
thefe fedative falts differ from each other, according to the kind of 
acid employed in their preparation, and that the fedative fait, or 
the materials of which it is fojyjjjg, do not confiitute one half of 
the whole quantity of matter contained in borax, as M. Beaume 
had faid. Finally, the later observations of M. Cadet turn upon 
tbe combinations of different fedative falts with the feveral kinds of 
alkalies, mineral, vegetable, and volatile, whence he formed dif« 
fcrent kinds of borax, all which are capable of foldering, more 
or lefs perfe&ly. Sedative fait alone has this property, as M. 
Cadet has obferved. 

CALXES ^METALLIC). By this name are diflinguiffied the. 
earths of metals deprived of phlogiffon and charged with gas. 
They may be deprived more or lefs of the inflammable principle 
by feveral means. 

The firft is by difengaging their phlogiffon in open air, and by 
1 calcination, or rather by a comb nft ion , fimilar to that of all other 
combuffible bodies* 

The 
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The fecond is by cxpofing metals to the action of acidf that are 
capable of taking from them the inflammable principle; and of 
communicating to them a gas. Such are the vitriolic, and efpc* 
daily the nitrous acids. This kind of calcination is made in the 
humid way, and by folution . 

Laftly, the third method is by detonating the metallic matters 
with tiitre. This method depends on the two former ones, is the 
mod effc&ual, and mod expeditious. 

The earths of metals thus calcined and deprived of their phlo- 
gidon, and charged with air or with gas, by the means above 
mentioned, have properties which didinguifti each of tbert), con- 
cerning which, it is proper to confult the article of each of the 
metallic fub dances. But they have alfo properties which are ge- 
neral and common to them all. 

Metals do not only lofe their chara&eriftic properties as* metals 
by calcination, but they alfo fuffer the following changes : 

The more exa&Iy the metallic matters are calcined, the more 
they lofe of their fulibiliry ; fo that fubftances which are very fu- 
libie, fuch as tin and regulus of antimony, ate rendered, by a com- 
plcar calcination, that is, till they become very white, infufibte, 
and among the mod refraftorv bodies ; which fa<ft proves that phlo- 
gidon is the principle of the fulibiliry of metals. 

Metallic fuhdances become then fo much more fixed, as they 
lofe more of their phlogidon. This property is lefs fenlible in 
metals, from the fixity which they have naturally, than jn femi- 
mrtals, which ate volatile, while they have their metallic form, 
and whofe calxes become exceedingly fixed, as appears evidently 
in the indance of diaphoretic antimony, which refilh the motb 
violent fire without fubliming, and which recovers all its volatility 
when it it redored to the date of regulus by addition of phlogidon. 
This proves that phlogidon is eflentially volatile, and' that it com- 
municates its volatility to certain bodies with which it combines. 

Metallic earths become lefs foluble in acids, and particularly in 
nitrous acid, by being deprived of phlogidon, as we may perceive 
from crocus martis, when well calcined, from calxes of tin, of re- 
gulus of antimony, &c. Hence we are led to conclude, that the 
tblubilby of metallic fubdances by acids, and particularly by ni- 
trous acid,, depends on the intervention of phlogidon: for if calxes 
be reduced by adding phlogidon, the metals rcfulring from that 
reduction will then recover their folubilrty. 

What we have faid concerning the general changes produced by 
calcination of metallic matters, upon their fufibility, their fixity, 
and folub»li:y, may alfo be applied to their opacify, their fpecific 
gravity, in a word, to all their metallic propertied, which are 
always diuvini (bed fo* much more in metallic calxes, a^ they art 
more pci Italy dcphlogidicated. This feems vindicate, that if 
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yn entire and pcrfcdt calcination of metallic fubfiagces could he 
C&cicd, (hey would then have no metallic property, and perhaps 
they yould got ipccific^lly differ from each other, and only be one 
sod the fame £ind of earfh. This is certain, that when the cal- 
cination of metafs h^s been too long continue^, their calxes become 
irreducible, or at lead w* 1 * 1 much more difficulty reducible ; and 
this reduction is always made with lofs, fo th^t the quantity of 
originally calcined ** never again obtained. 

Although metallic calxes are effentially different from calx of 
fame or quicklime, (hey have nevertheless fome iimifar proper- 
ties, particularly thofe which relate to fixed and volatile alkalies. 
I'hus, for example, fixed alkalies receive from metallic calxes, 
the fame caullicity and properties as from quicklime ; and volatile 
jyU'ii may be ifeparated from fal ammoniac by metallic calxes, and 
particularly by minium, as it may by quicklime ; and it is thereby 
rendered ruornadiive and deliquefcent. We have foen at the be- 
ginning of this article, that there are feveral methods of reducing 
metallic matters to a calcifgrm fiate. All thefe calxes have com- 
moo properties, which are thofe I have mentioned, but they have 
ajfa properties peculiar to each, according to the nature of their 
rcfpecUvc metals, and alfp perhaps according to the methods ulicd in 
their preparation. But the true caufe of thefe differences, or even 
th$ true, date of metallic calxes, are very far from being known. 
This fubjedf, which would furnjfh matter for very important re- 
fwreh^s, has fcajcely been touched upon, and may be confidered as 
cflfifcjy new. 

A very few. modern chemifts only have begun to conQder it. 
TJhey have chiefly attended to one firikiug phenomenon, which 
appears to afffcdl metallic calxes in whatever manger, rhe metals 
rpay h aY S been calcined. I mean the weight acquired by moll 
mculs during their calcination. I f?y only mqft metals, becaufc it* 
i} not yet, proved that this effedt happens to all. But fincc it has 
taea a&ually obferved in many of them, wc may fuppofe that 
thii phenomenon is. general, as is well explained by M. Morveau % 
who^ppflefles the true genius of natural philofopby anc\ chemifiry. 
bet, us de/cribe this phenomenon. If we reduce a metallic fub- 
lUnce to. an earthly fiate, either by burning, that is, by calcining 
it, or by diffolving it iq fome chemical agent, and afterwards pre- 
cipitating it from that folution, we may. obferve very generally, 
th^t. the abfolute weight of the earth or calx which rclglts from 
this operat^n, is greater than that of the metal before it under- 
went this alteration ; and on the other fide, when. thefe calxes are 
ty any means r? fiored to their metallic fia^e® it is found that this 
augmentation of weight ceafes, fo that the metal thus revived, 
rather lefs. than more than it did before its. calcination, 
^tious .opmipns ha*P b$en formed concerning the caufe of thefe 
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very furpriling effefis. lLemeri y who was unacquainted with the 
doftrine of phlogifton, explained all this eafily, by faying that the 
augmentation of weight of metallic calxes arofe from the panicles 
of fire, which he fuppofes united with thefe calxes. Miytr and 
his partifans, although they were acquainted with, and admitted 
the theory of phlogifton, explained no lefs readily the above de- 
ferred phenomena, by attributing them to the acidum fingut or 
cauflicum % which they carefully diilinguiih from the inflammable 
principle. But other philofophers, not well fatisfied with thefe fup- 
pofitions, which feemed not fufficiently fupported by proofs, hare 
recurred to theories more laboured, and which are at the fame time 
compatible with the doff rine of phlogifton. One of the moft in- 
genious of thefe theories, is that in which fire and phlogifton are 
confidered as a matter not poftefled of weight, or rather as pofTefled 
of a property contrary to gravitation. This idea has been unfolded, 
and fupported by proofs by M. Monveau , in a manner very capable 
of making an impreflion on the beft underftandings. But it is eafy 
to perceive how difficult it is to arrive ac evidence and demonftra- 
tion in a matter fo obfeure as this is at prefent. 

Since the late refearches into gafes, the idea of thefe fluids being 
concerned in the calcination of metals, and in the augmentation of 
weight gained by that operation, has been fuggefted. Dr. Hstes 
had obferved, that metallic calxes contained air, and that this air 
contributed to their augmentation of weight. Dr. Prieftlcy has alfo 
mad$ fevcral experiments tending to eftablifh this faff. But we art 
chiefly indebted to Meflxs. Lavoijier and Baycn for a number of ex- 
periments made on this fubjeff. M. Lavoifier confidering the 
known phenomenon of an effervcfcence, which always accompanies 
the revival of a metallic calx, fufpeffed, with much probability, 
that this effervefcence was caufed by rhe difengagement of a gas 
which feparated from the metallic calx when it refumed the ftate 
of metal ; and in order to be convinced of it, he made many re- 
ductions of minium in clofe veflels, to which was adapted an appa- 
ratus for receiving and meafuring the gas expelled during thefe re- 
duffions. The quantity of gas was found to correfpond pretty 
exaffly with the excefs of weight which the minium had over the 
lead whence it was prepared, and with the lofs of weight which 
the minium fuffered during its reduffion into lead. Alfo, the 
lofs of weight fuftained by the charcoal employed in thefe reduc- 
tions, was fcarcely fenfible when compared with the quantity of 
gas produced. The fame refults nearly followed front reducing 
metallic precipitates. Laftly, the examination of the properties 
of the gafes difengaged in thefe feveral reductions, when msde by 
means of a combulfible matter, having convinced M. Lcvifer 
that they were the fame as that obtained from calcareous earths 
and alkalies, he has tbcnce concluded, with much probability, th* 
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iiie increafe of weight gained by metallic earths, is owing to an 
aerial matter, or gas, which is united with them, and which con- 
tributes to their ttate of metallic calxfcs. 

It is rmttKal to any perfon who makes Xn important difccrvcry, 
to confider the tonfbquences Which may be deduced from it, efpe- 
ciilly when thefe coftfequences happen to overthrow a famous and 
received theory, becaufe thefe difcoveties thereby become more 
important. Accordingly^ M. Lavoifttr, when he publifhed the 
above mentioned experiments, appears to have been tempted to in- 
fer froth them, that the metallic Hate of cakes was pwing merely 
to their being united with a conftderable quantity of gas, and that 
nothing more is required to rettore them to their metallic Hate, than 
to deprive them of this matter ; which opinion,' if it were proved* 
Would dettroy the whole dodhrind of phlogitton or combined fire* 
Nevertbelefe, this able philofopher has refitted, at leatt hitherto* 
that temptation, and has refrained from an abfolute decitton on 
this delicate queftion. His prudence deferVe* the more praife, as 
it (hews him to be poflefled of the tfue fpirit of chemittry. For in 
fad it is only rhcy who do not really know this excellent fcience, 
who cati imagine that fuch inferences can be readily dtawn, and 
that a fingle fad, even fuppofing it were well eftablifhed, could 
be futficient thus at once to overturn the fine fabric of one of thei 
moil important theories which the gen ins of chemittry has ever 
ere&ed, and which receives froth an attoftifhing number of demon- 
ftrahve experiments, a fupport and ttrehgth, Which mutt appear 
irrefittible to thofe minds who are able to comprehend the whole* 
and their refat ions in one collected view. 

M. Bayen alfo, well known by feveral good analyfes of mineral 
waters* bat lately pubHfhed in 'the Abbe Roficr * s journal, fome 
experiments which are analogous to thofe of M. Lawificr, and haft 
drawn froth them fimilar confequences, which appear to him to 
he very dec i five. The title ctf Mr. Baytn's defertation is, Cbtmicat 
Ofays, or experiments mode on feme mercurial precipitates . It is well 
known that mercury exhibits phenomena fimilar to the calcination 
of other metafile fubttances, in the preparation of the precipitate 
t** fey and in the folirtion* of mercury by acids.' 

M. Baycn has preferred thefe cakes of mercury to- minium and 
other metallic calxes as the fubjelh of his experiments, and in this 
tefpeft he had a ft advantage over M. Letvoificri becaufe the mer* 
corial cakes refurtre their ltfetaftic fkte with much lefs hear, and 
thereby many of thefe operations are facilitated, the principal dif- 
ficult of which artfes from the neceffity of ufing elofe veflels, in 
order to retain and collet the gas that is produced during thde re- 
dactions, 

M. Bayent experiments cohfift in expeftng mercurial precipitates 
totbeadtion of fire, in retorts to which was adapted an apparatus 
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of receivers for collecting and meafuring the gas produced. The 
precipitates of mercury which were the fubjeds of his experiments, 
were feparated from the folution of this metallic matter in the ni- 
trous and marine acids, by means of alkalies fixed and volatile, 
cauftic or not cauftic, and by quicklime or lime-water. 

This able chemilt treated thefe different precipitates in hit 
pneumato-chymical apparatus, with different degrees of heat, with- 
out addition, and likewife with addition of powder of charcoal. 

In each of his experiments he obtained, firfl, a portion of the 
folvent and precipitant employed ; Secondly, a quantity greater or 
lefs of revived mercury, or fluid quickfilver ; Thirdly, more or 
lefs of a gas, the quantity of which was proportionable to the 
quantity of revived mercury. And it was alfo obferved, that in 
ihofe cafes where the calxes were totally revived, the quantity of 
fluid quickfilver obtained, was always one eighth or one tenth lefi 
in weight than the quantity of the precipitate before its redudioc, 
allowance being alfo made for the excefs of weight which thefe pre- 
cipitates gained from the portion of chemical agents that they re- 
gain in their precipitation. 

Thefe fine experiments of M. Baycrt , gave him an opportunity j 
of making other interelfing obfervations ; fuch as, the inflamma- j 
tion, explofion, and fulmination of the mercurial precipitates, 
when they are firft mixed carefully with a certain proportion of ' 
flowers of fulphur, and then expofed to heat. He alfo obferved 
the remarkable effeds of fixed and volatile alkalies, which did only * 
.partially decompofe corrofive fublimate, and converted the reft of ; 
it into fvveet mercury, while lime-water procured a much more 
complete decompoiition of this mercurial fair. 

The phenomena of the redudion of mercurial precipitates, with 
regard to the produdion of gas, and the difference of weight, arc 
analogous to thofe which M. Lavoifier has obferved, by reducing 
minium in clofe veflels. M. Bayen had deduced the fame confc- 
quences, namely, that all metals reduced to the form of earth, or of 
calx, owe this ftate to the gas which unites with them during their 
calcination by fire, or by chemical folvents ; that to this fubftancc ! 
the augmentation of weight is to be attributed, which they acquire i 
during their calcination ; and that this gas feparates from them 
during their revival. Thefe confequences refulting naturally 
enough from the accurate experiments of thefe two philofophen, 
appear to me very probable, and feem to announce an important 
difcoYery. 

But thefe able chemifls have gone a good deal further. I hare 
already faid, that M. Lavoifier had conjedpred from bis experi- 
ments, that the inflammable principle does not contribute material- . 
ly, and by its dired union, to metallic redudions ; and I ought to 
add, that M. Bayen having been able, in the courfe of his expc* 
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, by mea^s of a dronger or longer continued heat, to re- 
ally, or almoft totally, a precipitate of mercury into fluid 
ver, without addition of any inflammable matter, did at 
ride, from this Angle fa <51, in favour of the conje&ure pro* 
y M. Lavoifier^ as if it were a demonflrated truth, which 
to overthrow the whole doctrine of phlogifton, or of fire 
id in bodies. 

'ithflanding the flncere edeem which I have for the talents, 
the flne experiments of M. Baycn, I mull fay, that he 
ded too precipitately on an affair of fo much importance ; 
n the more furprized at this, as in every other part of hit 
, he (hews the mod rational doubt, and mod judicious err* 
[lion. 44 The following experiments (fays M. Bayen y ) will 
eive us with regard to the do<5lrine of Stahl j in relating 
( I (hall not make ufe of the terms ufed by the difciples of 
who will be forced to relinquifli their do&rine on phlo- 
i, or to maintain that the mercurial precipitates here men- 
1, are not metallic calres, although fome of their mod ce- 
ed chemids have thought that they are ; or ladly, to con- * 
bat there are fome metallic calxes which can be reduced, 
iut the concurrence of phlogidon.” 

neperiments to which M. Bayen here refers, are the re* 
i of mercurial precipitates without addition of inflammable 
in clofe veflcls. To (hew that they arc by no means 
of affe&ing the doflrine of phlogidon, fo well eftablilhed 
, con Armed and explained fo fuccefsfully by chemids of 
i order, it will be fufiicient to obferve, Ard, That al- 
it were proved that mercury, Alver, and efpecially gold, 
ey are reduced to the form of calxes and precipitates, did 
t any thing of their inAammable principle, this would not 
i do&rine of the principle of indammability, Ance the only 
once would be, that in fome metals, this principle 's fo 
:ly connected and combined, that they can reAd opera* 
nich the other metals cannot, without being decompofed ; 
h has been faid to be the cafe Ance phlogidon has begun 
Iked of, and which is in a great meafure true. Secondly, 
on the contrary, it were proved, that mercury, Alver, and 
id, lod a part of their phlogidon, as well as the other 
(which is M. Beaume' s opinion, and which I believe to 
pofiible,) the redu&iott of thefe metallic matters in clofe 
and without addition of inflammable matter, would not 
r oblige us to relinquifli any part of the theory of the prin- 
inflarn inability. For it would be a fufficient explanation 
afe, that the quantity of this principle which gold, Alver, 
rcury can lofe, in the operations by which thefe metals are 
to the form of calx, if fo fmall, that the quantity of 
® 2 metal 
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metal which cannot be reduced from want of addition of phlo- 
gifton, is fo infinitely little, in comparifon of the quantity of the 
reft of the metal which is reduced, without having any occaGon 
for addition ; that we might be induced tb believe that the whole 
of the metal had been reduced, although fome may adually remain 
unchanged. 

Let us even go fo far as to fuppofe, that thefe metalt arc much 
more fufceptible of calcination than they have been hitherto be- 
lieved to be, and that neverthelefs, they may be totally revived 
in clofe veflels,. without addition of inflammable matter? How 
would this fuppofirion make againft the doctrine of phlogifton ? 
Nothing elfe can be inferred, unlefs that this is one of the cafes 
in which the difengaged fire may be changed into combined fire. 
The partifans of the theory of Stahl will always fay, that thefe 
metals cannot take the form and the properties of metallic cabes, 
without lofing a part of their phlogifton, and that if they have 
recovered their metallic properties in clofe veflels, without addi- 
tion of inflammable matter, the reafon is, that difengaged fire, 
or the matter of light, which is nccefl'ary in all thefe reductions, 
and which penetrates both clofe veflels, and the metallic cab, 
finds in this cab, a body which already contains a good deal of it 
in the ft ate of combination, and which has the grcateft aptitude to 
refume and retain enough of it to recover ks metallic fiate. 
Whence it happens that a portion of the light with which it is j 
penetrated in the operation itfelf, is fixed in its union, becomes 
phlogifton, and again reftores the metallic (late. What reply can 
one make to thofe who will thus explain the fa £1 in queftion ? I J 
own I know of none, and I believe that we may thence conclude, 
that neither the redudions of metallic cubes in clofe veflels, with- 
out any other addition than that of the difengaged fire with which 
they are penetrated, nor the proofs of the exiftence of a ga» in I 
thefe cabes, and of its expulfion during their redudion, do 
affed in any degree the theory of phlogifton, and while no other 
fads more decifive can be adduced, in oppofitton to it, thofe who 
admit it, will not be inclined to make any change in the efta- 
blifhed language, nor the flighteft reftridion to their dodrine. 

With regard to the gas, which appears to be in a great met- 
fure r the caufe of the augmentation of weight of metallic cabes; 
becaufe Meyer fays, that his caufticum or acidum pemgue does aUo 
unite to thefe cabes, M. Bayen is much inclined to confider ga 
and caufticum to be the fame thing. The circumftance which 
feems to favour the opinion of Meyer is, that mod metallic calces 
have a degree of caufticiry, which they are capable of communi- 
cating to alkalies, particularly to the volatile alkali of fal ammoniac, 
when it is difengaged by their means. But befides, that quick- 
lime, fb far from communicating a gas toother matters, as me- 
tallic 
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CALXES (METALLIC) 
ralxesdo, n oil the contrary very much difpofed to be united 
gas, and to lofe its caufticity by this union ; it is fuflicient to 
rre the properties which Meyer attributes to his caufticum* 
hofe which have been afcercained to belong to all the gafes,' 
fpcciaUy to that of calcareous earth, to be convinced of the 
•1 differences, and even of the incompatible qualities which 
e observed in thefe two fubftances. 

cover, there is a circumftance in the redu&ion of mercery 
5 veflels, which was not known to M. Bajen, becaufe he did 
amine the nature of the gas obtained in his experiments 5 
is circum (lance defervea the greateft attention. It confifts 
> that the gas obtained from mercury during its revival with 
>n of inflammable matter, is totally different from that which 
Dgaged from the fame mercurial calxes, revived without 
n* The former gas extinguifhes fire, and kills animals in- 
leouily, while the latter is five or fix times fitter for refppa- 
id combufiion than the atmofpherical air. Whence can fo 
ous a difference proceed? It certainly has folne caufe, and 
afe muff be a very powerful one* The gas which is difeo- 
doripg the reduction of mercury with addition of infiamma* 
tiers, feems to be of the fame nature as that of calcareous 
, of alkalis, of the fpirituous and other fermentations* 
has been called fixed sir 3* and which I call mtphytic gas.. 
the nature ctf this gas not being underflood, may we not 
:ure, that the principle of inflammability is one Of its conffi- 
larts, together with common air ; and if this be the .cafe, it 
well fepimte from the mercitfial calxes* without fuffering 
oration, when this feparation it aflifted by a combuflible 
, which gives to the mercury the quantity of phlogifton that 
rflary, in order to reduce it into fluid mercury 5 but whea 
alxes are expofed to violent heat in clofe veflels Without 
m, then their redo&ion into fluid mercury* is efie&ed only 
sans of the phlogifton of the gas which is united with the 
p and according to this fuppofition, we eafily conceive, that 
m deprived of the phlogifton which mercury has taken from 

* redu&ion^ ought to approach to the flate of common air, 
m air fo much purer, as it may have been more perfe&ly 
jgtfticated in this operation. The name of depblwifticaud 
rbich Dr. JPritfiley has given to this excellent air leparated 
metallic calxes reduced without addition, would perfectly 
with it, and thefe reductions of metallic calxes, without 
sn of inflammable principle, would not in this fuppofition 
b any objeCfion to the theory of phlogifton. A further pro- 

® 3 bability 

is deferibed in *h$ Trcatife on Gas, under the name of cal- 
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bability is given to this idea, by considering that the reduction* of 
metallic calxes without addition of combuftible matter, are much 
more difficult, and require a much greater heat, than thofe which 
are effected in the common method, by means of fome infiamma* 
ble matter. Thefe are indeed only conje&ures, and even are but 
little fupported by experiment, the prefent ftate of our knowledge 
of the fubje&of gas, not admitting any tiling much more accurate; 
but they are nevertheless at lea ft p r, jj^ c * and are not inconfiftent 
with the great phenomena of chemiftry. 

We may therefore conclude, that nothing has been yet alledged 
which is capable of fubverting the theory of phlogifton. See the 
articles CAUSTICITY, QUICKLIME, FIRE, GAS, PHLO- 
GISTON, &c. 

CAUSTICITY. Caufticity is that (harp and corroding quality, 
which many fubftances poflefs, Such as the mineral acids, especi- 
ally when concentrated, alkalies fixed and volatile, quicklime, 
arfenic, corrofive fublimate, lunar cryftals, butter of antimony, 
and even moft other falts with metallic bafes. i 

All thefe fubftances when introduced into the ftomach and in- 
teftines of animals in a Sufficient quantity, according to their re- 
spective degrees of ftrengrh, aifeCt the animals who have taken i 
them more or lefs difagreeably, Sometimes give violent pain, and 
occafion death. When we confider only their malignant effects, 
we call them poifons , or corrofive poifons , to diftiuguifh them from 
other deadly fubftances, in which a corrofive quality is nol 
fenfible, 

The Same fubftances applied externally upon the (kin, and the 
flefh of animals, excite inflammation, and pain fimilar to what is oc- 
cafioned by fire. They produce efehars, fuppurat ions, conofions, « 
excavations, and eat away the flefh. As from time immemorial, 
thefe matters have been ufed in medicine and Surgery, to draw the 
humours to the external parts of the body, there to excite filutary 
Suppurations, to open abfeefies, or to confume excrefcencies and 
proud fleffi, and that independantly of the fenfation of burning, , 
which they occafion, they produce in Some refpeCts the effect of a 
body actually burning, they have been called cauftics , and thence 
the word caufticity has been derived. j 

Laftly, when thefe acrid fubftances are applied to unorganized 
bodies. Such as all Bodies excepting animals and vegetables, they 
(hew evident marks of their peculiar action, by the motion, effer- 
vefcence and heat, which are excited in Such mixtures. And as 
after thefe figns of re-a£tion are over, we find that all the, integrant 
parts of the body a£led upon, have been feparated from each othea, 
and combined with thofe of the cauftic fubftance, So that there 
has happened a Solution of the former, -and an union of its parts 
w ith the latter into a new compound ; in considering the acrid 

and 
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cauftic fubflances, with relation to their effeds in chemical 
itions, they have been called chemical agents, or chemical foltxntu 
Knee it follows that the adion of cor rofivej>oi Tons, of cauflics, 
if chemical fo I vents, is eflentially the fame, and that it may 
►reprehended under the general name Caufiicity ; and, that 
raufticity is nothing but the diflblving adion of the cauflic 
tnces, that is to fay, it is the force with which their integrant 
tend to combine, and unite with the parts of other bodies, 
indeed, if we examine the Aomach and inteftines of ani- 
killed by corrofrve poifons, and the wounds to which fur- 
> have applied cauflics, we find that the animal matters have 
more or lefs corroded, confumed, and difiolved ; and that 
oifon or cauftic baa really combined, with the oily, faline, 
y, watery, and gelatinous parts of the organs on which it 
and that it has formed new compounds with thefe parte, 
rely in the fame manner, as when aqua-fortis has aded upon 
e of iron, we find that the furface of this iron is corroded * 
red, hollowed, and that the parts of the aqua-fortis have 
I with thofe of the irop into a new compound* 
e caufiicity and diflblving power of all chemical agents, being 
id the fame quality, and heing alfo the proximate caufe of 
rompofitions and combinations, natural or artificial, we may 
perceive the importance of having dear ideas of whatever has 
in to cauflicity, of knowing, as far as we can, wherein it 
:s, how to augment, diminifli, produce, or dettroy it in a 
ace. But this is no final 1 difficulty i for whatever is con 
, as cauflicity ip, with the firfl fprings of the univerfe, is 
inacceffible to the efforts of the human mind. In fuch fub 
we can only form conjedures ; which are not, however, 
it their ufe, when they can conned a great number of fads, 
ew the analogy and relations, which fubfifi between them, 
ofophera did not endeavour to explore the caufe of cau- 
, till fome of them began to reafon upon the great phenome-v 
chemiflry. The mofl natural idea, and which mu A firfl 
t itfelf, was to attribute this quality to the prefence of the 
of fire, on account of the firikiog resemblance between the 
of fire, and thofe of cauflics, or chemical agents. Accord- 
his opinion was firfl adopted, and is even now very gene* 
eceived by thofe chemifis, who wiih to have a decifiveopi* 
a this fubjeef. The fine theory of Stahl concerning phlo- 
or concerning the effeds of fire confldered as. one of the 
)\c* of combufiijble bodies, has not a little contributed to con* 
lit opinion. In fad, we cannot doubt that fire poffefles 
ity in the mofi eminent degree, and that it is the mofl pow- 
if all cauflics, and fince it is proved, that fire enters and 
fclf as a principle in many compound bodies, and is always 
B 4 ready 
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ready to refume its eflentia) activity, entirely or partly, according 
to circumftances ; nothing is more natural than to attribute to the 
a&ion of igneous particles, the caufticity of all thofe fubftaoces, 
which poflefs this quality. Laftly, it is very poffible, and even 
probable that fire contributes dire611y, apd by its own caufticity, 
to that of certain bodies, and iq certain circumftances, as I (hail 
explain more fully. Accordingly Lenuri has attributed the cau- 
IVicity of quicklime, of alkalies, of acids, &c. to the igneous par- 
ticles inferted between the parts of thefe fubftances. But this 
man, juftly celebrated as a practical chemift, had the fault of at- 
tempting to explain every thing; and he did indeed explain every 
thing with great eafe, becaufe his explanations were not examined 
with accuracy or depth, and he adopted readily whatever ideas 
were fuggefted by firft appearances. 

This explanation of caufticity by the particles of fire, which 
Lemeri fuppofed to be contained in cauftic fubftances, would have I 
remained among the many conje&ures, which being neither 
evinced by fplid proofs, nor confuted by demonftrative experiments* 
are fupported by an air of probability, which fatisfies many per- 
fons, if the late M. Meyer , a very good chemift of Ofnabruck, had 
not endeavoured to place it amongft thofe great theories, which 1 
ftand the teft of examination, and which throw much honour oo 
thofe who fupport and eftablifli them, by all the proofs of which 
they are capable. M. Meyer has done every thing that could be 
done for that purpofe. An exa& inquiry into the properties of 
lime-flones, into the phenomena of their calcination, into the 
effefts of the caufticity of quicklime, and of the caufticity which it 
communicates to alkalies fixed and volatile, into the manner in 1 

i 

which thefe feveral fubftances acquire and lofe their caufticity; , 
many new experiments, and many chemical fa&s, before known, ! 
but now brought into one point of view with genius, and profound \ 
reafoning, are become, in M. Meyer* s work, the bafis of a fy ftem, ’ 
which he has rendered his own. This fyflem, which at bottom is ! 
only the explanation, which we have faid was before given by , 
Lemeri , conlifts in cftablifhing, that there is only one fubftanceef- j 
fentially cauftic ; that this fubftance is the matter of fire or light; j 
that all cauftic compounds owe their caufticity to this principle ; \ 
that they lofe this quality in proportion as they are deprived of it, j 
and become more cauftic when they combine with a larger quantity ij 
of it. What M. Mcver has added to Lemcri's explanation is, tbit 
he does not fuppofe with Lemeri , that fire, abfolutely pure, caa 
combine in bodies, fo as to become the principle of their cattft*- 
city ; but fire conne&ed in a certain degree with a particular mat- 
ter of an acid quality, and forming with this acid a kind of com- 
pound principle, in which the matter of fire, without having tbe 
adtivity of pure and difengaged fire, does nevertbelcfs preferve 
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Wty enough to be highly cauftic, and to be capable of commit* 
a ting this quality to the different bodies, with which it is capa* 
; of combining. Thus is coaftituted what he calls aridum pingne 
camflicum. The mod (educing past of M. Meyef* attempt, is, 
it in his experiments, he has traced, with a good deal of faga- 
y, the progress of this pretended caufticum, from one combina* 
a into another, obierying the changes, which happened in the 
ipeities of the body which tranftnitted it, and in thofe of the 
iy which received it, as Stahl has done, with regard to phio* 
ion or perfe&ly combined fire. * 

K fyftcm founded on one part, upon natural cffe&s no lef9 fen- 
le to the ignorant than to the learned, and fupported on the other 
t, by a well-contrived courfe of chemical experiments, as M. 
yer* s was, could not fail to have many partizans. It accord- 
;ly fo happened. Moil German cheraifts, among whom is M. 
mer 9 the tranfiator of this Difiionary into the German language, 
ve adopted, and warmly defended it. Several good French 
idical chemifts, have declared themfelves in favour of it. M. 
amme in particular, is fo pleated with it, that this able chemift 
i made it the bails of all the explanations that are given in his 
ymie experimental* el raifonnie . But in order to extend its ufe as 
ich as poffible, M. Btaumi has not confined himfelf, as M. 
eyer did, to confider as the foie ca$flicum 9 or principle of all 
ufticity, nothing but the matter of fire conne&ed to a certain 
gree with a particular acid; but he rejedh the acidum pingm of 
. Mey*r % and declares that it is fire itfelf, as (ire, which is the 
e cauftic and principle of all caufticity ; that' this element may 
, and a&ually is found in every kind of combination, from the 
ift grofs, which is that of oils, of charcoal, of metals, See . to the 
ite of fire, pure, or almoft pure, which he fuppofes to be its Hate 
the moft violent cauftics, as the mineral acids^ quicklime, cauftic 
kalis, and other fubftances. As in faft (ire is fjbread every where, 

• thus fuppofing it may have different degrees of combination, 
5 may, with the utmoft facility, explain a great part of chemical 
lenomeua. Thus, for example, if timeftone (hould, from being 
ild and in no degree cauftic, become acrid, cauftic, and a&ive, 
r having been expofed to fire, M. Bcanme fees clearly, along 
ith Lemeriy that the caufe of this furprifing change, confifts in the 
trodu&ion of the particles of (ire, between the particles of the 
neftone. AH the caufticity of quicklime, the heat which it 
[cites when mixed with water, its faline properties, fire, are 
tufed by a quantity of pure, or almoft pure fire, . jhat comb nes 
ith the done during its calcination, if fixed and volatile alkalis 
gome more cauftic and deliquefeent by application of quicklime, 
id if quicklime lofes its caufticity in proportion as it augments 
lat of the alkali, M. Btaumi prefently underftanda, a& alfo does 
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M. Meyer, that the alkalies takes pofieCGon of all the caufticufii, or 
almoft pure fire which was contained in the quicklime. It the 
mineral acids are very cauftic, it is becaufe they contain much c i 
the caufiicum of Meyer, or of the almoft pure fire of Beaumi. If 
we afle Meflrs. Meyer and Beaumi why acids, which are very cauftic 
on account of their contained caufiicum and almoft pure fire, 
fhould, when they combine with quicklime and alkalies, which 
alio owe their caufiicity to the fame igneous principle, form acorn* 
pound which retains little or no caufiicity, they immediately an* 
fwer, that the caufiicum or alsnofi pure fire, feparates from tbefe 
cauftic fubftances in the time of combination, and they adduce as 
a proof, the beat obferved in the time of their a&ion on each 
other. M. Beaumi has even provided himfelf with one refource 
more than M .Meyer, to extricate himfelf from this embarraflment, 
which is, that as he admits fire in all kinds of combinations, be 
may alfo fay, that the caufe of the above-mentioned phenomenon 
is, that the almoft pure fire of the acids and alkalies, purs itfelf into 
another ftate of combination, different from that in which it exiA 
ted while it was united with the difeugaged acids and alkalies. 

As every cauftic has a mod violent tafte, and as the mod cauftic 
fubftances are alfo thofc which make the ftrongeft impreffioo on the 
organs of tafte, it is very probable, that caufiicity and tafte are ef- 
fentially one and the fame quality, as I have obferved in feveral 
places. But this quality, being fufceptible of greater or lefs degrees, 
preferyes the name of cauftic ity when it is ftrong enough to occa- 
fion pain, and acquires the name of tafte when ir has only ftrength 
enough to make a fenfible impreftion on the organ, without the 
fenfation of pain* If fire be the only cauftic fubfiance in nature, 
it follows, that this elemeut is alfo the only matter which can have 
tafte ; that it is the principle of tafte, and to which all other matter* 
owe their tafte. Accordingly M. Beaumi has not failed to ad* 
vance this propofition,and makes very great ufeof it in explaining 
an infinite number of phenomena, and of the pioperties of bodies. 
Thus the* tafte which all faline fubftances have more or lefs few* 
fibly, and which it confidered as one of their diftinguithing cha- 
racters, proceeds, according to M. Beaumi, from this caufe, that 
all faline matters contain fire, either pure, or almoft pure, or in 
fome certain ftate, and that they cannot derive this quality from 
any thing but the principle of cafte, which is fire. We may eafily 
perceive that with fa fertile principles, there cannot be any diffU 
culty in explaining every thing. 

But this theory of Lemcri renewed by M. Meyer, although well 
unfolded, extended and fupported by Meyer and many other 
chemtft9, Teemed to be deftined to enjoy only a tranfient reign* 
For in the very time when M. Meyer was giving to his theory its 
greateft luflie, Dr. Blaek, a Scotch l’hylkian, cftablilhcd oqc qf 
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iefe capital difcoveries which make an era in the biftnry of fcien- 
u, and which entirely contradicted the doctrine of the chemid of 
Ifnabruck. Jtisalfovery remarkable, that it was in making experi- 
lents upon the fame fubdances, quicklime and alkalies, that thefe 
wo chcmids have drawn confequences quite oppofite. So true it 
, that in experimental philofophy, we cannot be too attentive in 
xamining every circumdance that occurs in our experiments, and 
tat we cannot be too guarded in drawing conclusions in order to 
ftabUih general propositions. 

Quicklime and alkalies having the property of receiving a con-' 
de ruble augmentation and diminution in their caudicity, of 
animating this quality to, and of taking it from each other, were 
le true matters on which it was neceSTary to make experiments, in 
rder to acquire new knowledge on caudicity in general. Melds, 
fryer and Black have both perceived this, and were accordingly 
etermined to make tliefe fubdances the fubjefts of their expert* 
rents. We have already mentioned the refult of M. Meyer's trials. 
7c now proceed to thofe of Dr. Black. 

The researches of Dr. Black were. accompanied with the difeo- 
ery, that calcareous earths anc| dones are in their native date, 
it orated with water, and with a large quantity of a volatile and 
Laftic fubdance; that the effect of the calcination of thefe dones, 
ras to deprive them of theft water and volatile fubdance, which 
ras at fird called faed air ; that calcareous dones acquired as 
luch more caudicity, and the other qualities of quick-lime, as 
hey were more perfectly deprived of this volatile fubdance. Dr. 
Hack's experiments prove moreover, that alkalies fixed or volatile, 
tefore they have been altered by fire, of by quick-lime, are in a 
peat meafure faturated with this fame volatile matter or gas ; that 
his faturation renders them capable .of crydallization, and confi- 
lerably diminishes the caudicity of which they are fufceptible ; 
hat if thefe alkalies be mixed in a proper proportion with quick - 
ime, this latter fubdance deprives them of their gas, and is there* 
>y faturated) by which means the quick-lime, which owes all its 
rau dicity to its having been deprived by calcination of this gap, 
iow refumes ali its former mildnefs, and the other properties which 
t poSTeSTed before calcination ; and that at the fame time the fixed 
w volatile alkalies being now deprived of this matter by quick- 
lime, acquire the highed degree of caudicity, and of deliquefcence, 
>f which they are fufceptible. 

The fmgular fubdance which bears fo great a part in the cau- 
[Hcity of quick-lime and of alkalies, becomes very fenlible, not 
inly in all the experiments which we have mentioned ; but it be- 
comes more palpable and even vifible, when it is made to pafs 
from one compound to another. If lime-done be calptned in cloie 
ireflejs, as has t*en done by Halts, Black f Jacquin, the Duke of 
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Rechcfeucault and others, the gas or volatile fubftance which is fe- 
parated by the fire, may be collected into receivers. When nrat- 
ters that contain much of this gas, as uncalcined calcareous earths, 
and mild alkalies, are difiblved by any acid, the gas becomes 
very fenfible by the confnierable ebullition and tumultuous efler- 
vefcence which if excites, while it is difengaged from thefe fub- 
ftances. It may be collected and retained in a bottle, and fubjeded 
to experiments as Dr. Pritjihv has done, and may be feen at the 
article gas, The impofiibiiity of colledling and of incloding a fub- 
ftance thus in a veflel, is certainly not a fufficient reafon for deny- 
ing its exigence, or calling it into doubt, when there are other de- 
jnonftrative proofs of it, as fome perfons who pretend ro reafon 
upoo the fublimcr parts of chemiftry have done, with regard, to 
the exiftcnce of Stahl 9 s phlogiflon, which they have lately treated 
as an imaginary being, becaufe it cannot be colle&ed and render- 
ed feniible. This argument cannot, however, be employed againft 
the gas, which we treat of, fince it may be included without 
mixture in a bottle. 

On the other fide, it is no lefs demonftrated by fatfs, that quick- 
lime and alkalies poflcfs all their caufticity when they are deprived 
of this gas, and they lofe their caufticity when they are faturated 
with it. This difcovery, one of the mo ft important that has been 
made fmee chcmiftrv has been cultivated, has, as may be well 
fuppofed, entirely put to flight the igneons particles , the cavfii* 
cun:, and the pure, or almnfi pure fire . Accordingly, it ha9 given 
high offence to all tiiofe chemifts to whom the matter of fire fur- 
nWhed fo convenient an explanation of the phenomena of croft 
flinty. 

Some perfons, in eluding this thorny queOion concerning the 
caufe of caufticity, difpute about the name fixed air, which has 
indeed very improperly been ufed, after Hales, to denote the gas 
of which we are treating, and which has been applied aifo toother 
gafes of a different nature. They have drawn advantage from this 
confulion of names to attack this great difcovery, rn representing 
it as nothing more than what Hales had before fheWn, although in 
fa<ft it is very different, efpecially in this refpeft, that Hales made 
no application of his experiments towards explaining the caufe of 
caufticity. Others, who cfpoufc the do&rine of fire being the 
caufe of caufticity, have denied or corvtelkd many of the fofts cn 
which the theory ot Dr. Black is founded. Moft of thofe who 
have taken the pains to verily or extend thefe experiments, have 
given folid nnfwers to ever)* objection, and have added the confir- 
mation of fever a I new experiments. Amonglt thefe, M. La^joifier^ 
one of the chemifts of the academy of feientes, hae performed this 
talk with gieat lucccfs. This philosopher, by means of weight and 
meal'urc, has added the feal of authenciciry to thefe fads, while 
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le v erified them with great accuracy, in prefence of coroaulRries 
Lamed by the academy for this purpefo. 

Ic b then well demon ftrate.d, that the caufiic, or mild A ate of 
alcereous earths, and of alkalies, b not owing to the prefence or 
bienoe of igneeus particles* of cettfiipurn^ or of almafi pure forty but 

> the reparation or onion of a volatile fubftance or gas, and water, 
rbich put them into a fiate of fautrataon, more or left complete, 
xording to the general rule of all the other operations in. chemil'~ 
'y. What can then be applied to this demon firation, by thofe 
bemifia who can conceive no ocher caufe of cauAicity, but the 
Sion of igoeous particles ? Will they fay that the gas itfelf is no- 
ting but air and fire ? This anfwe* would be good, if calcareous 
srths and alkalies became fo much more cauftk, as they contnin- 
d more gas. It would alfo be well to prove that this gas, which 

> known to eitioguWh fire, contains really more fire than other 
odies. But the contrary happens to be the troth, as we have 
teirn ; and accordingly, this fuppofition would fooner prove, 
sat fire is not the immediate caufe of cauibcrty ; for if it were, the 
Dnfequence would be, that the energy of this quality is dimi- 
ifbed in proportion as the caufe which produces ic is encreafed, 
ad that it would be encreafed by diminifhing its caufe; prop f.- 
ons which certainly canooc be maintained. Can ic he poffible that 
i attachment to the dodiine of utufticum and fire can be carried fo 
ir as to attempt to reconcile this oontradi&io©, by faying, that 
te eauftLcum, or alms ft pure fire of the cauAic earths and alkalies i9 
i a certain fiat©, different from another certain fiate in which it 
>, when it is contained in the gas ? There could not, I confefs, 
ny reply be made to fuck an anforer, for the fame reafbn, that it 
ould be ufelefs to reply to the epicycles and cryfial-fkies ima- 
mod by the defenders of PtoUap’t fyfiem, whenever any new 
become non was difeovered in the courfc of the ftars, comradic- 
wry to this fyfiem. 

After We hare mentioned faffs which demon ftratc fo clearly as 
bofe above related, that the effeff of cauAicity cannot be attribu- 
sd to the a&ioa of igneous particles more or left combined, or 
incombined, k would be fupertioouc to add weaker proofs, if the 
ubjc& were not offuch importance in chcmiftry, that nothing re- 
stive to k ought to be aegle&ed. I will add then here fotneeon- 
ideratkms which tend to throw light on this matter, and which 
►rove in a general manner, and applicable not only to the can fti- 
ity of earths and alkalies, but alfo to the cauAicity of all other 
Lib fiances, that the caufe of cauAicity, or of the want of this qua- 
ity, does really depend upon nothing elfe than the different 
tatesof figuration. 

The firft obfee^atxm which I fhall make, will have for its ob- 
eli the comparifon of the properties of the moft caufiic fubftance* 

with 
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with thofe; of fire. I fay then, that if the aftion of cauftics #et$ 
not properly their a&ion, but the action .of the fire that is united 
to them, the greater their caufticity, the more analogous ought 
their properties be to thofe of fire, fince this caufticity is not fup-» 
pofed to be owing to any thing, but to a fire more abundant and 
more uncombined and pure in thefe cauftic bodies, than in others 
which are not cauftic. On the other fide, the mod charafteriftic 
property of uncombined and active fire is that of occafioning the 
fenfation of hear, and the rarefa&ion of the bodies on which it 
a&s. Thefe pofitions being eftabliftied, the caufiicum , or almojl 
pure fire , ought to produce thefe effects of uncombined and arrive 
fire in a manner fo much more decifive, as the cauftics are endow- 
ed with a greater caufticiry ; but experience proves completely 
the contrary. If a thermometer be plunged into a cauftic alkali, 
into the molt concentrated vitriolic and nitrous acids, into folutiops 
ot filver, of mercury, of butter of antimony, in a word, into the 
mod violent known cauftics, no greater degree of rarefaction will 
appear in the fluid of thermometer than if the inftrument had been 
left in the air, or plunged into water, oil, or other mild liquor. 
We may then conclude, that the pretended fire of cauftic fub- 
flances is not either more abundant, or more pure, or more un- 
combined, or more aCtive than that of other bodies. 

It is true, that at the time when cauftics or chemical folvcnts 
a&, a degree of heat is frequently excited, which is fometimes 
confiderable, and proceeds even to ignition. Thofe who acknow- 
ledge fire as the caufeof caufticity, avail themfelves much of this 
phenomenon, in faying, that this heat is a fenfible effect of the 
caujlicum , or almoft pure fire , which the cauftics or folvents contain, 
which not being able to enter as a component part in the new com- 
pound refulting from the folution, is difengaged and efcapes, 
while at the fame time it manifefta its prefence in the mod evident 
manner ; and we mud confefs, that this is one of their mod plaufible 
arguments. I neverthelefs think that this argument can only fa- 
tisfy thofe whofe attention is totally abforbed by a particular fa& 
which ilrikes them, fo as to prevent them from perceiving in this 
phenomenon the effects of a caufe much more general. 

It is a fa£t demon ft rated by numerous and inconteftable experi- 
ments, that the collifion of hard bodies produces hear, and even 
ignition. Hence there is no hard body whatever, which is 
not heated more or lefs, and even becomes luminous, in pro- 
portion to the percuflions, collifions, or fri&ions w hich it fufiets. 
And this is precifely the cafe with the folid parts of cauftics, or 
chemical agents, or of the bodies on which they a&, and from 
which they fuffer an equal reaction in the time of folution, 
or in the a& of all the combinations that are accompanied with . 
violence and rapidity. The heat therefore that is produced in all 

then 
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e chemical operations is no more the effect of the portion 
ilmoft pure fire, or caufticum, than it is the cfFcdfc of thefe 
triples, when two flints are rubbed violently again (l each other y 
which certainly have no property that approaches in any de» 

>, to caufticity, 

he phlogifton or combined fire, which enters into the combi- 
on of fo great a number of compounds, may undoubtedly pro- 

r, and does really produce a confidence effect in many oper* 
is of this kind, fincc it is capable of becoming difengaged from 

whenever the parts of bodies which contain ir, receive a fufti- 
t collifon to produce ignition, and fo that it may be feparated 
i them by means of air. It then augments the heat and light, 
it is from this caufe that, the rubbing of two pieces of wood 
nft each other, produces not only a burning heat, but even 
ie and conflagration, while the collifion of two flints, excites 
r a fmaller degree of hear, and a weak and tranfuory light, 
we ought to take notice, that this kindling of combined Are 
circumftance, which may accompany the effedl of caufticity, 
ough it be entirely diftindl, and unconnected with it, as is 
lowledged by M. Mtyer himfelf, who very carefully diftin- 
hes his caufticum from phlogifton, and alfo by JM. Beaum't , 

>, when he calls his almoft pure fire the principle of caufticity, 
ar from confounding it with phlogifton, flnee the latter prin- 
e is fire, fo far from being pure, and is fo combined, that the 
[pounds which contain it mod abundantly, a9 greafe, oils, 

s, See. are actually the mildeft and leaft cauftic of all fubftances. 
ogifton is not then in any of thefe cafes the firft caufe of the 
: produced by the aCtion of cauftics or chemical foivents, but 
ely a caufe concomitant with this heat, an auxiliary caufe fit to 
ment ir, and to render it more durable. 

'he beft method of finding the truth, and of (hewing it to others 
ifficuit matters, where it docs not at once appear, is to be candid, 
iflemble nothing that may be favourable to the opinions con- 
id, to fearch alfo carefully all the objedions that may be made 
nil the opinion that is adopted, and to prefent them in all their 
e. This is alfo the only method of bringing to light matters 
in obfeurity, as this is. I will therefore, by no means, omit 
itioniog the fadfc which appears to me the mod favourable to the 
lion that attributes caufticity to the matter of fire. 

Ve have faid that heat is commonly excited when cauftics ex- 
fe their a&ion, and I have (hewn how I conceive that this effedl 
r be explained, without admitting a greater quantity of fire in 
ftics thair in other bodies. But in the detail of thefe efiedts, a 
um fiance occurs Which I am the lefs inclined to omit, becaufe ic 
le a great impreflion on inyfelf. It is that the degree of hea 
duccd when acids combine with alkalies or abforbent earths, is 

very 
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tcry different according to the (late or thefe alkalies, that is, tthtf | 
ther they be cauftic or mild. It is very certain, that the heat pro- i 

duced when an acid a&s upon a fixed or volatile alkali that is not j 

cauftic, or upon uncalcined calcareous earth, is inconfiderable, and 
that the heat is very ftrong when the fame acids a& upon cauftic 
alkalies, or upon quicklime* 1 have frequently repeated thefe ex- 
periments, and I have with furprize remarked this difference, t 
confefs that this fact alone appears at firft a proof that fire was the 
immediate caufe of caufticity, and I Was forced to fay with the 
partifans of this opinion, that mild calcareous earth contains no 
more fire than other bodies, and therefore produces little heat, when 
it combines with acids ; but that by calcination it retains a portion 
of the fire employed, and that this portion of fire retained, gives to 
it the properties of quicklime, renders itcauflic, ami in a word is 
what efcapes when quicklime is combined with acids, and which 
produces the violent heat that accompanies this combination* This 
heat is fenfible, it burns ; how can fo demonftrative a proof be re- 
filled ? The fame difference of heat having place between mild 
and cau flic alkalies, I could fcarcely avoid falling into the opinion 
of Meftrs. Meyer and Bceiumy that as thefe faline fubftances acquire i 

their caufticity from quicklime, they owe it to the caufucum or j 

fire almojl pure, which paffes from the quicklime into the alkalies; j 

which explanation feems to be further confirmed by the mildnefs ; 

w hich the quicklime refumes, after having thus communicated its 1 

caufticity, or its principle of caufticity, to alkalies. j 

Thefe remarkable effr&s, and the reflexions which they natu- j 

rally produced, held me, I confefs,* during fomc time, in a ftateof j 

uncertainty. On one fide, I was prefled by a kind of demon lira- ; 

tion founded on an experiment fo fenfible; and on the other -■ 

fide, I felt the greateft repugnance to attribute caufticity to the 1 

parts of fire, becaufe this lyftem has always appeared to me contra- 
ry to the nature of fire, and of all the great phenomena of che- 
millry. The method I took to extricate myfclf from this embar* 
rafiment was, to take care not to confine my attention to one 
circumftance of the experiment, but on the contrary, to conlidcf 
carefully even its inoft minute details, becaufe a fa£t really provet 
nothing but what refults from evefy particular accompanying it- 
but in the fuel, which we are now confidering, there is a circura-* 
fiance, which feems to give a fati? factory folution of the difficulty, 
and this is the effervefcence which always accompanies the combi- 
nation of acids with mild alkalies, or uncalcined calcareous earth, 
and which does not accompany the faturation of acids with cauibc 
alkalies and earths. We now know that all the cfiervefcences wbkb 
happen in l'olutions and combinations, are owing to a di ('engage- 
ment and evaporation of a volatile matter or gas, which feparate* 
during the a£t of combination, from one or both of the combining 

fubftances. 
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hoH. We A(o know that the evaporation of volatile Aurdt, 
eaft, .of many of theCe fluids, produces cold, and even a de- 
f cold proportionable to their Volatility, and .facility of eva- 
on. This pofitioo being eftablifted, as a fa&, whatever be 
lufe of this effedl, it is no lefs certain, and it is very eafy to 
ve, that if, as J do not in the leaft doubt, there is no more 
cauftic than in mild alkalies and earths, thefe lattet would 
oc in their folution by acids, the fame degree of heat as the 
r, without the circuta fiance of the evaporation of their ga^ 
, by oocafioning cold, neceffarily diminilhes the intenfity of 
at. Accordingly the cauftic alkaline matters, which do not 
n any gas, and which ditto We without effervescence, produce 
; their folution by the mere motion of their parts, all the heat 
they. are capable of producing, becaufe there is no caufc to 
ck that heat ; and on the contrary, the fame alkaline mat - 
when mild, diffolve with much lefs heat, becaufe theeva- 
on of the gas, and its confequent cold, checks couftderabljr 
at, 'Which* Without this circumftanoe, would be at great 
rirter. 

thofe phenomena to intcrefting, prove tbe neceffity of not 
ng, without reflexion, even from the raott tmpofing appear- 
Who would not believe, fince colli Sons* in general pro- 
teat, that thole which are io evident in the Solutions ofeffer- 
g fubftattccs* ftiould not produce more heat than the perfe&ly 
til folution of cauftic fubftances? The contrary, however 
ns. All tbefe great movements of effervefcence are accom* 
1 with little or no fenfible heat, while the burning heat re- 
g from tbe peaceable and iilent folution of cauftics, cannot 
eelved without furprife. 

econd coofideration which I ought to add here, concerning 
:ity, relates to the impseftion which the fubilances called 
make on the organ of tafte* It appears certain that this 
ffion dors not differ efleatially from caufticiry ; but folely in 
:grce of its energy ; for we fee that the moil cauilic matters 

0 thofe which have the ftrongeft tafte, and that thofe which 
rrfe&ly free from cauAicity, are alfo totally deftitute of tafte. 
icity and taAe are then not two different qualities, but one 
lefame property, more or lefs Arong and deciftve in its effedls, 
ave Caul in this article, and more fully at the article fait* 
cording to what we havejuA faid, if all cauAicity proceeded 
igneous particles, it would neceflarily follow, that Are is alfo 
tdy matter that is effentially fapid ; and that all thofe fub- 

1 which have taAe, muA derive this quality alfo from the 
hich they contain. This is a neceffary and juft confequence 
sfyilem. M* Beaum* however, is the only perfon who has 
l this confequence^ and has declared, that ttre it the only 
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fubflance in nature, which has effentially talle, and is the prott- i 
mate caufe of talle in all other bodies. As the mere imprcffioa ! 
which pure fire makes on our touch and tafle, is nothing but the 
heat and the burning, it follows from this fuppofition, that the 
moll fun pie tafle of all, that which, if we may fo exprefs it, is the j 

clement of all ratio, is nothing but heat or burning, and that when J 

we talle any thing, our tongue and our palate ate really only I 

heated, or in fome degree burned.- The great di vet fity ot tafies j 

does not make any difficulty in this fyflem, becaufe, while it ad- 
mits that fire exills in compounds in a great variety of different 
ffates, as M. l>caum>? fays, this great diverlity of tafles will be 
eafily explained by an equal diverlity of dates, in which lire may 
be in the different fapid bodies. 

So far the explanation may be fuppofed to proceed well. But 
the kind of fenlation that is diredly oppofue to that of heat, that 
fenfation which is fo contrary to that of hear, that they mutually 
dellroy each other, and cannot both exifl in the fame perfon at 
the fame time, I mean the l’cnfation of cold ; how is it to be ex- 
plained in this fyflem } This difficulty, W'hich has not been fore- 
feen, appears to me to be very embarrafling. For if the ircpref- 
lion of heat has a right to be confidered as a fimple tafle, and 
principle of all other tafles, why fhould not that of cold, which 
is equally fimple, and no lefs fenlible to our organs, have the 
fame right ? It does not appear that we can alledge any reafon- 
able motive for refuting it. When water is heated, it gives to my 
tongue and palate the fenfation of hear. I am told that this im- • 
prellion is produced by the particles of fire contained in the water. 
When I let the water cool, till its temperature be equal to that of 
the human body, it makes no very fenfible imprellion upon my 
organs. It will then, I fuppofe be told me, that water, being 
naturally as in fi pid as every other body, excepting fire, cannot 
now have any talle, becaufe it contains no more of the principle 
of talle, that is, fire, than other infipid bodies. So far flill the 
explanation may perhaps fee m to go on well. But when I let this 
water cool as much below the human temperature, as it was at fir ft 
heated above it, and talle it on he more, it makes on the organ of 
my tafle an imprefiion no lefs fenlible than the firfl, but quite op- 
polite. If I afk the caufe of this new imprellion, 'what anfwer 
can be given ? If it be laid that the imprellion of cold is nor a 
talle, I ffiall afk, what right has then the imprefiion of heat to be 
conlidered as fuch. And if it be admitted (for it cannot be con- 
tested) that they have an equal right ; I will then fay, that as cold 
is only produced by the ablencc of fire, the cold fenfation cannot 
be the effect ot the action ot igneous particles, and 1 (hall thence 
conclude, that all talle cannot depend on the a&ion oi thofe igne- 
ous particles. 

To 
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eshauft all theanfwers that may be imagined to fuch prefling 
hie?, will it be pretended, that the fenfation of cold, as well 
tear, proceeds from the action of fire, by faying that when 
hotter than my body is applied to my organs, the igneous 
!es a£t upon thofe organs in pafling from the water to my. 
in order to be equally difiributed, or produce an equilibrium 
t; and on the contrary, that when I put colder water into 
>uth than the temperature of my body, fome igneous particles 
dm rny body to the water, in order to bring it to an equal 
rature ; that in this latter cafe, in which the fenfajion of cold 
luced, as in the former, when the fenfation of heat is occa- 
, both thefe fenfatfon s equally refult from the immediate ac- 
‘ the parts of fire upon our organs, with the foie difference 
i hear, the action of fire irritates the parts of our body in quit-, 
le hot fubflance to enter into the parrs of the organ of rafle ; 
rat in cold it (hakes the feniible parts of our body by its 
lent, in palling from them to the cold fubflance. If this 
were given, I would reply, that if the above explanation, 
dmitred, it muft neceffarily follow, that the impreflions of heat 
Id, proceeding equally from the adiion or impulfe of the par- 
>f fire, their difference would depend folely on the difference 
dttons with which thefe pat tides move ; and that this ele- 
nuft confequently be endowed with the property of produc- 
at when it moves in a certain dire&ion, for example, from 
o left, and of producing cold when it pailes in any other di- 
i, as from left to right. I (hall fay no more on this fubjedf, 
ive too good an opinion of the underftandings of thofe whofe 
□ I conteft, to fuppofe them incapable of perceiving all the 
ity and ridicule of fuch an anfvver. For the fame reafon, t 
it needlefs to talk here of the frigorific fluid of Mujcbcnbrock , 
rts of which, might be fuppofed capable of exciting the fen- 
of cold, as well as thofe of fire caii excite the fenfation of 
For if we admit luch a fluid, of which however none of the 
of heat and cold prove the exiftence, it would be an abfolute 
ition of the principle conteficd, that fire is the foie caufe of 

m thefe obfervations, it appears as clearly demon firated as any 
of Natural Philofophy can be, that the proximate caufe of 
ity and tafie is not the immediate adtion of the particles of 
ire, oraimofi pure fire, or any caufiicuni. Echoes, it is eafy 
ceive, that if vve were to admit the igneous matter or element 
as the foie cauflic and the principle of caufiicity and tafie in 
ler bodies, that would not be efiablifhing a general theoiy of 
:ity, for we (hould not on that account, have a clearer ^nd 
precifc idea of caufiicity, that is, of the flute in which matter 
leral ought to be* to have the caufiic property, or to be en- 
£ 2 * dewed 
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dowed with a diflblving adlion ; fince, when we fuppofe, that 
fire is the foie fubftance fufceprible of this difpolition, thequeftioi 
would Hill remain in what this difpolition of fire confiils ; and in 
Natural Philofophy, we ought not to flatter ourfelves that we hare 
gone as far in the difeovery of the caufes of the great eftedts of na- 
ture as the human mind is capable of, while vve may hope to rife 
higher than that kind of particular' caufes to which we at firll ’ 
have reached. Thus when we attribute cauflicity to the immedi- ! 
ate action of fire, we do not truly aflign the caufeof cauflicity and 
tafle, fince the queftions Hill remain why fire has cauflicity and 
tafte, and of what thefe qualities confift. 

But if it be alkcd, what then is the true caufe of cauflicity, I 
might anfwer plainly that I knew nothing of it, yet the opinion 
which I have conteftcd, would not on that account be better found* 
ed than I have (hewn it to be. However, I cannot row make that 
anfwer, although perhaps it would be the wifeft and the moil res- 
fonable. I have explained my fentiments upon this fubjeH in 
many articles of the firfl edition of this work. It is neceflary then 
that I fliould explain them here as clearly as I can. But it will 
be not improper, before we enter upon this difeuflion, to make 
the following preliminary obfervations. 

Firfl of all, I agree, that if difen gaged fire be a fubftance ef- 
fentially fluid, and the caufe of fluidity in all other bodies, as 1 
think ; this element mufl be confidered as a remote caufe of all 
cauflicity, fince the effect of the actions of folvents or cau flics can- 
not take place without the fluidity of the cauftic, and of the body 
on which it adh, or at leart of one of them. Thus difengaged 
fire has its influence in the produ&ion of cauflicity ; but not as 
an immediate caufe, that is to fay, by the direct adlion of its own 
parts upon the body which fufters the effed! of the cauflic, but 
merely as being able to put the parts of the body in a neceflary 
flare of mobility, that cauflicity (hould have its effect. Thus the 
adVion of difengaged fire is only a conditional caufe of cauflicity, i 
can fa fine qua non . 

Secondly, I agree that difengaged fire is itfelf, a violent cauflic, 
in the fcnle that I (hall explain, and that allb, from the reafon* 
which I have juft afligned, it has influence in producing this eflcH; 
that in many circumltances, it may augment the cauflicity of 
bodies, as it really does in the cafe of folvents, wbofe a&ivity is 
rendered greater, and in that of aliments, wbofe tafte is rendered 
flronger, by heat, than when thefe matters are cold. 

Thirdly, It is very eflential to recoiled! here, what I have (aid 
at the beginning of this article, on the adtion of cauftics and fol- 
venrs ; that two effedls neceflurily refult from this adlion, namely, 
the reparation of the parts ot the body acted upon, and the union 
of thefe parts with thole of the cauflic or folvent, lo that this fc- 

paratkim 
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bn and this new union are two fimultaneous effects and infe- 
le from the fame caufe. When I fay that thele two effeds 
feparable, I would not have it underftood that the union of 
irts of the body diflolved or corroded by the cauftic, with 
irts of this cauftic, is always proportionable to its adion, or 
that it never fails to happen ; for this aflertion would be 
try to experience. But I fay that the new union is the 
yf caullicity, or of the diflblving power ; that it is a 
[uence, or neceflary dependant on this power, and that it 
i occurs as completely as circumftances can permit. The 
aion is lb far the end, and even the foie end or purpofe of 
m, h is a dependance and confequence fo neceftary, that 
at it, folution could not uke place. The proof of this is, 
be adion of the folvent, or of the cauftic, is abfolutely pro- 
nable to this union, that is to fay, that if, after the cauftic 
oduced all its efFed of folution, its parts are no longer ca- 
of contrading any union with thofe of the diflolved body* 
Event preferves, after this folution, asmuchcaufticity or dif- 
l power as it had before; that if, on the contrary, an inti- 
ind perfed union of the parts of the lolvent with thofe of the 
liilolved, has followed the folution, the fmalleft appearance 
fticity, or dilTolving adion no longer remains with the cau- 
folvent ; and that laflly, if this consequent uniou, or ra- 
lat which accompanies the folution, is made more gr lef* 
eteiy, the cauftic always retains a degree of caufticity very 
j proportionable, in an inverfe ratio, to the intimacy of thia 
Tbefe are fads eftablilhed upon as many experimental 
as there are operations in chemiftry, and which cannot be 
led by any perfon who is really converfanr in that fcience. 
rfe portions being eftablilhed, what other idea can be realbn~ 
wmed of tbe ftateof any fubftance that poflcfljes the quality 
caufticity, which is dgmonftrared by fads to b$ nothing elie 
tendency to union, than to confider the integrant parts of this 
: fubftance as being fo difpofed, either by their figure, or by 
terpofttion of fome other fubftance, that not being able tq 
ogetber with the intimacy to which they tend* they retain 
atisfied force, by means of which they are determined: to 
with the integrant parts of any other kind of body, with 
they may have the liberty of contracting an uniou mw in- 
than that which they have between one another h 
en I examine a fixed vegetable alkali rendered as caulHc as 
be, I fee that this fubftance has an extreme adivity to cor- 
md difiol.vc whatever it touches* that its tafte is acrid to a 
■ that gives pain i that if it be deprived of water, it feiiest 
aid with a furprizing force, when mixed with it, or even 
it from the air; that its deliquefcenc* is cxcremc; that it 
C 3 corrodes 


Digitized by 


Google 


CAUSTICITY. 

corrodes and reduces to a parte all venerable and animal matteti 
to which it is applied ; and that ir dlfidves oils and fat effc&ualU, 
and converts them into ibrips. But what is the re fu It of all thefc 
lulutions made with fuch activity ? Its diflblving power or caufii- 
city is conrtantly diminifhed in the fame proportion as it is exer- 
cifed, or rather, as I have faid, in proportion to the intimacy and 
force of the union, which this cautlic contracts with the fid) dances 
on which ii exerts its action. It, for inllance, it has united with ^ 
the volatile matter or gas of calcareous earths, as this light and '* 
almort aerial fubrtance has too little IbliJiry to contrail with it ] 
the molt intimate union, it preferves ilili, r.otwithitar.ding this f 
union, a portion of its diflblving power, and it retains all the 
charavfteriflics of a fixed alkali. But alio, as ir is combined to a 
degree with this gas, its caurticity ought to diminifn, and actually 
does diminiflt in proportion to this new union. Not only the 
acrimony of its tarte is abated, but alfo it no longer afls as a cau* I 
tery to animal ilelh. So far from being deliquefccr.r, it is capub.e 
of cryrtallization, and of being preferved, during its e:;pofurcto 
air, in form of dry cry (his; Ir has no longer fttcngrh enough to 
dirtulve oils and for fo effectually as is nccefl&ry tor the combtra - J 
nation of foap. The lame obfervation may be extended to 
other properties. 

If, inlieadot uniting the alkali with gas, it be made to ermbine * 
with oils andt.it, it evhauils a gieater part of its caurticity ca .. 
thefc mutreis, bcc.mfe it cm i tufts with them a mote intimate union , 
than it does with gas. Accordingly the alkaline ptoperties, and < 
diflblving power, although they he llill fomewiiat (enlible in foap-, 
ate ncverthelds infinitely Ids lb than in the idkali Amply iatu* 
tated with gas. 

With acids in general, but particularly with vitriolic acid, the 
n&ion of the caultiuty of alkalies, and its abolition which is the 
confequence ot it, are mani Idled in a manner llill more (bikini:* 
Let attention be given to what happens to the mod cauftic lixi*l 
alkali, when it can act upon the vitriolic acid, which alfo is a pow- 
etful cauftic; the integrant parts of thefc two corrofives are lo dil* 
pofed, that they can conn act with each other an union, much 
more intimately than with molt other fuhltances. Accord- 
ingly they ur.iic with great violence, and by this union they reo 
ptocallv cxhaull their activity, fo that alter they are united, ro 
cauilieity remains either with the acid or with the alkali. The 
new compound refultirg trom this union, called *vi tri dated tails'* 
lea rccly retains a fa line tall?, and very little lolubility in water, h 
is now fcurcely nble to fl.ew matks ol its action upon any body. 

Lafily, if in dead cf combining can flic alkali with vitiiolic acid, 
ir re made to aift upon a matter purely earthy, (which cannot b 
bone without fufon by violent heat, on acccunt of the force of 
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Cgation of the integrant parts of the earth) the a&ion of this 
Sc is exercifed fo completely upon the earthy matter, and thef 
ft which the parts of thefe two fubflances contra# together, 
fcount of this action, is fo ftrong, that the new compound, that 
£glafs which is thus made, far from giving the lead fign of 
ictty, has not even the flighted tafle, nor any faline property, 
though all thefe fa£b be fo well known to chemifts, that they 
be reckoned trivial, I think it proper to colle# them here, 
«g them together under one point of view, becaufe the efforts 
bavp been made to explain cauflicity by the a#ion of igneous 
‘les, or of a cauflicum, prove clearly that the natural confe- 
rs of this faturation which accompanies the action of cauflics, 
r hich is the effe# of it, has not been fufficie«tly underflood 
rtended to. For the fame reafon, I (hall alfo make fome re- 
ms on feveral of rhe circumflances of the combinations of 
cs with bodies oq which th$y exercife their cauflicity. 

: may at once remark, in all the examples which I have ad- 
, the exa# proportion that is maintained between the dimi- 
2 of the cauflicity of the alkali, and the degree of force with 
i this cauftic adheres to the fubflances to which it unites. Of 
lefe fubflances, gas is that with which its union is the 
rftand leaft intimate, fince quicklime, and all acids, even the 
:fl, can, without the help of heat, deprive it of this gas 
the greateft eafe. Accordingly all the effc# of the diminu- 
f cauflicity which this gas is* capable of producing upon rhe 
, even when faturated with it, is only to render ir capable 
fftallization, lefs deliquefeenr, lefs acrid, and lefs fit to be 
ined with oils and greafy matters, but the alkali Hill retains 
alkaline properties, fo that when it is in this fiate, it is called 
or ordinary fixed alkali . 

hough oils and fat do not contra# a very intimate union, 
cauftic alkali in the compofition of foap, fince thefe oils 
be feparated without heat, by the weakeft acids, yet this 
is flronger than that of alkalies with gas . For thefe oils can- 
i feparated from alkalies by means of quicklime as gas may, 
> the cauflicity of alkalies is more abated by oils than by gas. 
univerfaily known that foap is lefs cauftic, lefs folvent, and 
Ikaline than the alkali that is moft faturated with gas, and 
ftcryftallizable. 

is alfo a truth acknowledged by all chemifts, that any acids 
a more compleat and flronger adhefion. than oils with 
c alkali, and we alfo fee that in all falts compounded of acids 
Ikalies, the alkaline cauflicity is fo diminifhed that it is not 
nifable, and difappears fo niuch more complerely as the 
jnited with the alkali is more Ample and more powerful. 

C4 I could 


Digitized by t^ooQle 


CAUSTICITY. 

I could thus trace the combinations of cauflic alkali with a g»ni 
number of other fubflances, fuch as fulphur, metals, arfenic, i«da- 
tive lalt, charcoal, the colouring matter of Prullian blue, &c. as4 
I could (hew the lame proportion between the diminution of mi 
cauflicity, and the intimacy of union that it is fufceptible of con- 
tracting with each of thefe fubflances. But that ] may not too much 
lengthen this article, I will coniine myfelf to the union of alkali 
with purely earthy fubflances, by means of fufion; and I oblervc 
that this union in a perfect vitrification is the flrongefl of all, fince 
it cannot be deflroyed by any known intermediate fubflance, and 
fince it refills the action of a molt violent fire. It is therefore of 
all the combinations of cauflic fixed alkali, that in which its cauf- 
ticity, and its other weaker faline qualities, aie mofl peikctly 
abolifhed, and even to fuch a degree that if we did not know the 
compofition of glafs, none of its properties would ihcvv \hat it con- ! 
tains much alkali *. 

What I have faid on the cauflicity of fixed alkali is applicable to 
thatof acids, and in general of all other cauftic fubiiances. If l 
wrote only for readers profound in chemiflry, they would them* 
fielves make thefe applications : it would be ufelcfs to adduce more 
examples, and even thole which I have mentioned, would have 
been fuperfluous. But as the explication of the nue caufe of caul- 
ticity, appears to me to be the foie foundation of all rational theory 
in this extenfive feifnee, I cannot forbear clearing up this matter 
to the underllanding, and the conviction of perfons of lefs exten- 
five genius, who may find fotne difficulty in feizing all the rela- 
tions, and in comprehending the whole of a grand number of facts. ; 

I lhall therefore give an example, which I have chofen, beeaufc 
it contains a particular circuimlance, that merits attention. 1 

When good nitrous acid is applied to quicklime, the cauflicity , 
of the acid is exercifed with violence and heat on this earth. Whe:> 
another portion of the fame acid is applied with heat to tin, it 
upon the metal with the fame violence and heat as upon the qu ck- 
lime. But when we examine the rcfult of thefe two mixtures, we 
fiifd a very ftriking difference. The mixture of the acid and quick- 
lime has no cauflicity, tafle, or any of the charaderiflic properties j 
of acids; whereas the mixture of the acid and tin retains on the 
contrary all the cauflicity and acidity of the nitrous acid. Whence j 
proceeds fo fipgular a difference. The partifans of pure jtre or Jlr( 
eilmoft pure , or of the caufticum , can fay nothing, l>ut that, during 
the adion of the acid and quicklime upon each other, the fire ot 
tvhich thefe two cauflics are full, and to which they owe their 

Cauflicity i 

It is faicl in a memoir that gained the prize of the academy that 
f int-glafs retains no alkali. But this is a miflakc. S:e VITR1H* 
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city, feparates from them and thereby produces the heat Ob- 
1 , and that in loling their fire, they alio lofe their caivfticity. 
anfwer is fufficiently clear ; but ic wiH not apply to the cauf- 
which remains with the nicrou9 acid, after it has acted upon 
n. We mull fuppofe that this acid, which lofes its caufticity 
it a&s upon quicklime, does not lofe it when it a£ts upon tin, 
ugh the heat and commotion which accompany this a&ion be 
id as confiderable as thofe which arife from the a&ion of the 
acid upon quicklime. We muft fuppofe that the heat of the 
on of tin, is caufed by the difengagemenr of the particles of 
aat are combined with the tin, and which fly off from this me- 
a preference to the particles of fire combined tvith the nitrous 
but we could affign no reafon for this preference, fince on the 
ary the phlogifton of metals appears to be more ftri&ly com- 
i than in nitrous gas. 

x when inflead of all thefe fuppofitions deftitute of proofs, I 
tine the ffate of the two folutions, I fee that in the folution of 
dime, this earth has entirely disappeared ; that it has combined 
the acid, in fucha manner that nothing remains but a tranf- 
it homogeneous liquor: In a word, I am convinced from the 
rimenc, that the refult of the a&ion of nitrous acid on quick - 
, has been, that all its particles have united to all the parts of 
quicklime, and I thence conclude that the tendency of combi- 
►n which the parts of thefe two fubftances had before their 
n, in which their caufticity effentially confided, having been 
tied by this union, whifh they have contr^ed with each 
r, their caufticity ought neceffarily to be at^fhed or dimi- 
d, in proportion to the intimacy of this union. I then pro- 
to the examination of the folution of tin, and 1 find that this 
il or its earth, after fuffering all the corroiive and cauftic a&ion 
e nitrous acid, has been only divided by this aftion, and has 
, precipitated in form of a white fediment ; in a word, that 
arts have not contracted any union with thofe of the acid, and 
mce conclude, that as the caufticity of the nitrous acid is no- 
g elfe than the tendency which its parts have to union, and a 3 
is exercifed this tendency upon tin, but not fatisfied all this 
ency by its fubfequent union with this metal ; this acid ought 
tain afterwards the fame caufticity and acidity as it had be* 
; and this is what actually happens in the experiment. I now 
vhich of thefe two explanations is the mod iimplc, and bell ac- 
s with all the phenomena of folutions, combinations, fatura- 
9 , that is to fay, with all the grand effects, the knowledge 
hich, and their relations, truly conftitutea the fcience of 
niftry. 

have purpofely chofen the example of the aCtion of the nitrous 
uj>on tin, not only to prpre, that cauftics preferre their cau- 
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dicity, when, alter having exercifed all their force upon a Tub* 
dance, they contraft no union with this fubdance, but alfo that 
I might have an opportunity of making fome remarks upon this 
phenomenon, which is more or lefs evident in almofl all lolutions j 
and combinations. In fad, it fcarcely ever happens in any of 
thefe operations, that, after the folution, the parts of thefolvenr, 
and thofe of the body diifolved, are united with all the force w hich 
they poflefs. 

It is for this reafon that caudics, after having exercifed their 
adion upon certain bodies with all their adivity, preferve dill mote \ 
or lefs of theircaufticity, of their dilfolving power upon other ) 
bodies, and of their talle. Sometimes they retain thefe qualities 
entire, or almoft entire, as in our example of nitrous acid with 
tin. There are cafes of this kind dill more remarkable, namely, 
thofe in which, notwith (landing a drong union of the parts of the 
folvent, with thofe of the body diflblved, the new compound is 
found to pofiels a ilronger caullicity or difi'olving power, than 
cither of its component parts had before their union. Sublimate 
eorrojive , and many other combinations of metals with acids, are 
examples of this etfed, very worthy of attention. But this phe- 
nomenon, fo far from furnilhing an objection, as at fir ft view it 
feems to do, againft the general rule of the diminution ol caulii- 
ciry, being proportionable to the intimacy of the union of the 
parts of thecaullic, with thofe ol the body on which it ads, is a 
new proof of the theory of caullicity here delivered, as will be 
ihewn at the article SUBLIMATE (CORROSIVE), and in, 
i'evcral places this woik. 

But to return to a more fiinple cafe, where the caudic preferves 
all its cau dicity, alter its adion upon a fubdance, from want ci 
the fubfequent union with the pans of this fubdance ; I mean to 
the caullicity of djeti gaged fire. Iain far from denying thar this I 
element is polTtUVd ol even a great degree of caufticity, when it is 
not combined ; as I have already obierved, it ought to have, and 
it has, in this rcl'ped, the fame property as any other kind of 
matter: When its integrant parts are lo difpofed or figured, that 
they cannot exhaud upon each other, in the ltate of aggregation, j 
their tendency to union, this tendency remains entire, and iscon- 
fcquently capable ol being exercifed on any other matter. I donor 
then fay that fire is not cmtflic ; but that it does not poflefs cau- 
dicity, fo as to exclude all other fubdances Irom this quality, and 
that it is not the Idle can die, or principle of all caullicity and talie. 
What I have to remark at prefent, is, that of all eaultics, fire 
feems to be the one whole integrant parts, although they may 
have as much or more tendency to union than thofe of any other 
fubdance, do however the lead itcqitently unite with the parts of 
thofe bodies on which it exerts its caullicity ; fo that notwith (land- 
ing 
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;tbe violent effedv of folation and reparation, which it produces, 
cauflicity remains entire, becaufe it does not continue coin- 
ed trirh rhe bodies on which it ads. The difengaged fire which 
tded upon mo ft bodies, remains afterwards in the fame it ate 
k nitrous acid, after it has aded upon tin. It is only in parti- 
ir cafes, that, after it has aded upon bodies as difengaged fire, 
attains combined with the parts of thefe bodies, and lofes its 
fficity like all the other eauftics, in following the general 
r, that is in proportion to the intimacy of the union which it 
trails. 

believe I may conclude from thefe different reflexions and ob- 
ations, that cauflicity, the diflblving adion, tafte*, all adion, 
sort, of pne matter on another, is nothing but the effed of the 
eral force with which all the parts of matter tend to unite, and 
ly themfelves to each other, with all the intimacy that can be 
itted by their bulk, their figure, the vicinity or interpofition 
K>lecules of a different kind of fubftance, and other fuch cir- 
iflanccs. 

'hat in confluence, every body whofe integrant parts are ap- 
i to each other with all thp force with which they tend in ge- 
il to union, has no cauflicity, no tafte, no diflblving po wer. 

'hat the fame may be # obferved of all bodies, whofe integrant 
s are united to the integrant parts of another body, with all 
intimacy poffible, that is to fay, that the mixt or compound, 
lting from this union, has nor, while it fubfifts, either cauf- 
y, or tafte, or diflblving power. 

'hat every body, whofe parts are fo difpofed towards each 
?r, that the force, with which they in general tend to union, 
not be e*haufted by the union which they are capable of hav- 
with each other, or with other Bodies, has a degree of caufti- 
’, tafte, and of diflblving power exadly proportionable to the 
iency to union that remains not exhauftej. 
rhat laftly, a body, whofe integrant parts, however fmall, or 
r to each other, fhould be fo difpofed by any caufe, that they 
jld not contrad any union or adheflon together, and confe- 
rntly would poflefs all their tendency to union ; in a word, a 
fiance fuch a8 difengaged fire appears to be, would have, for 
t reafon, the greateft degree poflible qf cauflicity, of tafte, and 
iiliolving p^wer. 

rhefe pofltions being eftablifhed, if earth in general, if flints, 
inftance, have no cauflicity, no tafle, no diflblving power, 

• foie caufe is, that its integrant parts are fuch that they can 
ly repofe on each other, and adhere together, with all the force 
th which they tend in general to union. The great hardnefs, 
enof the moft Ample and moil homogeneous flones, which are 
all the fubftaQcei known the hardeft, U an evident and fen Abie 
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proof of the extreme force with which their primary iqtr grant p 
sire fupported, and applied to each other, and in fad, if we did 
admit this force, how would it be pofhbie to form to onefelf, ] 
hot fay a clear idea of hardnefs,but even any idea of this quality? w< 
it he faid,with the CarteAans, and with Lemcri, that the peculiar p 
/ of earths and Hones are crooked particles inter-twifled with < 
other ? But how can we conceive that thefe crooked particles r 
their reparation, if one does not fuppofe, that they themfehres 
hard ? and would not this be to explain hardneft by hardnefs, 
is, not to explain it at all. 

If it were polhble to feparate from each other the primary in 
rant parts of the hardefl flint, and to infulate them, fo that t 
could not exliauft upon each other, as in the aggregation off) 
the effort of their particular gravitation , or of their tendenc; 
union, it appears to me evident, that they would be capable t 
of exercifing this force in all its extent upon any other fublfc 
to which they might be applied ; that when applied to the tonj 
they would not only give a flrong fenfation of talle, but alfo 
they would violently cauterife the organs of talle, or any other j 
of the human body ; that they would unite with a Angular a&i 
to the particles of air, or of water, in a word, to every fubfb 
which they could touch. 

What we have hitherto not been able to do, with refped 
earth, by any operation of art, nature does daily; at leaft i 
certain degree, with refpeft to the earth which ferves as the b 
of marine Ihells. This earth is fo attenuated and divided by 
vital and organic aftion of thefe animals, that its integrant p; 
are found to be fufticiently infulated, and difengaged to ad uj 
water and gas, and to unite with them into a compound Cal 
calcareous earth . The integrant parts of calcareous earth, cc 
pounded each of earth, gas and water, have a weaker adhel 
together, than rhe parts of pure and Ample earth have, beca 
the union which the purely earthy parts of the calcareous ea 
have co n traded with the water and gas, faturates to a certain 
gree their tendency to combination ; but, as it does not entir 
ex haul! this tendency, it follows, that calcareous earth ought 
have more diflblving power, more difpofltion to combine w 
other fubiUnccs than any other kind of earth that is not flmili 
liu'pofed. Accordingly, experience informs us, that calcarc 
Hones are generally lefs hard than other Hones, and that th 
readily combine, not only with all difeugaged acids, but alfo w, 
acids already combined with certain bales, fuch as the earth 
alum, metallic fubflances, and perhap3 many others. 

By the mere effed of heat applied to calcareous earth, its wai 
and gas may be feparated. It thus may undergo, according to t 
degree of heat applied, two changes very different, but very i 
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kable, and per fe£Uy confident with the theory that I am en- 
suring to explain* If the degree of heat be drong enough* 
tfnly to feparace its water and its gas, but alfo to bring it into 
in, then when that heat ceafes, its earthy parts approach 
ads each other, unite into a vitrcqus aggregation, nearly at 
ng as that of {tones that ate not calcareous, and the glafs which 
Its from this fufion, retains none of the properties of calcareous 
hs, no diflblving power, no difpofitkm to unite with acids, 
with other fubftances on which the calcareous earths have a 
fifed power of a&ing. 

F, on the contrary, the degree of heat applied to calcareous 
b be fuch, that it can feparate its water and its gas, but too 
It to make the remaining earthy parts to enter into fufion, then 
fe earthy parts cannot re-unite, becaufe they are not at liberty 
nove, that is, they have wot the fluidity which fufion alonfe 
Id give them, and alfo being deprived of their water and gas 
which a great part of their tendency to union was exhausted, 
y remain, merely by being deprived of thefe two fub (lances, 
owed with almoft all the energy of this tendency, that is to fay, 
aufiidty, of di fibbing power, in a word, of all the properties 
ch charade rife quicklime , and of which I (hall fpeak more fully 
1C article quicklime . 

it to the objedion which snight be drawn from air and water, 
ch, although fluid, do not feem to have any caufticity, not 
i the fmalled degree of this -quality, which is tafie, I am con- 
:ed that this objedion cannot have the lead foundation, but 
mg thofe perfons who, like the greased part of mankind j 
ge without reflexion, and from firaple appearances. But a 
lofopher who would give proper attention to the properties of 
fe fobftances, will be foon convinced that they have, as well 
ill other fluids, their proper degree of diflolving power and 
c. Numberlefs experiments prove that air and water are 
ihg the greared foJ rents in nature, though not the dronged ; 
it is therefore not poflible but they mud have fade proper* 
table to their diflolving power* It is true, that this tade is 
fenfible ; but every one knows that the fenfations which the 
ireffiou of external bodies excites, are relative to the difpoii- 
1 of our organs, and that cudom particularly prevents our per- 
fing imprellions, which would otherwife appear very flrongj 
I perhaps even painful and snfupportabfe. From the fird in- 
it of our exidence, we urecondantly expofed to the impreflion 
air and of water, which is probably at fird, very fenfible, as 
cries of infants beginning to refpire feem to indicate. But 
forget our fird fenfatioas, and uninterrupted cudom renders 
»r fed not fenfible of fome of them. The tade therefore of air 
l of water is no longer perceived by us, for the fame reafon 
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that we are not fen Abie of the prdfuie of the atomfphere, 
however is known to be very 'near. 

Befidcs, although it be true that the aggregation of a fubtra 
is flronger in the Aate of folidity, than in that of fluidity, ard 
lor this reafon, the dilfolving power fhould be more evident 
this latter ftate, than in the former, it does not therefore foil 
that liquids or fluids have no aggregation. This aggregation oi 
seceffarily to fubfltl always more or lefs completely, while 
integrant parts of the liquid are not fufliciently inlulated, anci 
parated from each other, to be abfolutely our of. their fphei 
murual activity. Ir is however, only in this latter cafe that tl 
parts can enjoy all the caufliciry or tendency to combination 
is proper to them. But we do not know what may then be 
cauflicity of air, and of water, probably it would be lels lit 
than the cauflicity of earth and of fire. It is however eett 
that it would be much Aronger than it is in their fluid and lie 
aggregation, which is the only (late in which the projjfrties 
thefe fubtlances have been hitherto conlidered. We cannot de 
that air and water become powerful agents in a great numbe 
chemical and phylicnl operations, as well as fire and earth. Tl 
conliderations offer to chemifts a career as new as it isimporrau 
be purfued, and there is reafon to hope that fome men of get 
may engage in ir. The difeovery of gas, which is very rcc 
and \s, properly {peaking, only begun, gives reafon to hope i 
many orhers may follow. After we have fufiic’ently afeerrai 
the evidence and properties of the different kinds of gas, we i 
undoubtedly endeavour to find the nature of thefe ful) llance] 
different from all thole before confidered. And who knows, i 
inquiry into the combinations in which air and water ente 
component parts, and which are not yet fufpeded, will not th 
the greateft light upon the. nature and principles of gates? Am 
thefe fubftances, there aie fome which evidently contain an 
flammable principle ; fuch are thofe which are tiifengaged f 
liver of fulphur, and from the folution of fevcral metals by vit 
lie and marine acids. But that, which I call tnepb\ tic gas, \ 
which fo far from being inflammable, fuddenly cxtingvt.fl.es 
flame, when brought into contact with ir, and inflantly kills; 
inals, whofe properties in other rcfpafts partake a good dcu 
thofe of water and air, docs it not teem to be compofcd princ\ 
ly of water and air; and is it improbable, that thefe two prii 
pies, w h,ich in their flare of aggregation, cannot, either of t In 
combine intimately enough with quicklime and with caullic al 
lies to deprive them of their caufliciry, acquire this piopetty ; 
coniequentlv 3 lolvent power, or a true cauflicity, when they an 
di (poled, that their aggregation is much weaker than in their or Ji 
n itate, and when their intcirnut pans arc not lo intimately bet 
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1 union, as to check all the tendency to combination, which 
new mixt podedes, on account of their aggregation being de- 
ed. We cannot now make any additions on this fubje& ; 
icrbaps the time will come, when we (hall be able, by meant 
:peritnents to eflablilh a fatisfa&ory theory on this important 
er. 

fecms to me that the refult of what J have faid in this article, 
it caudicity is nothing but the effect of the force with which 
parts of caudics tend to unite with the parts of other bodies* 
if rood of the chemids who have attempted to give a theory 
udicity, have beenmidaken, as I think I have proved, the rea- 
i, that they have attended to one part only of the effc& of cauf- 
r , and have* as I may fay, (hut their eyes to the mod edential 
m dance ; an enormous fault in Natural Philofophy, into 
h it is furprizing that fo many very good chemids (hould have 
i. For they, impreded foleJy with the folution of the parts of 
is on which caudics or folvents aft, and with the tumult, 
heat, and even inflammation which accompany thefe folurions 
rtain circum dances, and feeing on the other fide that fire, when 
igaged and in aftion, produces condantly thefe effefts, they 
thence concluded, as the vulgar might, that caudicity is only 
deft of Are contained in caudics and folvents, without giving 
ad attention to the new union which rcfults from the parts of 
audic with thofe of the body on which it has exercifed its 
i, without confioering that caudicity always diminilhes in 
mion to the intimacy of this new union ; that the caudic re- 
s as caudic as ever, if it does not continue united to the body 
ti it has divided, that on the other hand it retains no caudicity 
e combined as drongly as it can be with the parrs of the bodv 
ved; ladly, without recolle&ing, that every foivent whole 
icity has been even the mod completely abolilhed by the union 
ii it has contra&ed with a body capable of producing this ef- 
ipon it, refumes its caudicity entirely, when it is dilengaged 
ly means from this union. 

ira very fenfible that this tendency to union which I confiJer, 
many Natural Philofophers, as the foie caufe of caudicity, 
it the fame time of the hardnefs of bodies, cannot be even 
rdood by many chemids; and that many artids, although 
■wife very able, will always ccndder as chimerical a theory 
attributes to one and the fame caufe, hardnefs, ihlipidicy, the 
ure want of a diflblving power in dints, and the violent cauf- 
r of the mod attive folvents. But in a fubjoft like this, we 
fit expert that all perfous ihould be unanimous. I therrore 
n without regret the opinion of thofe, who not being capable 
neralizing their ideas, fufticiently to fee Nature at large, are 
r pleafed with fancying as many particular caufcs, as there arc 
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phenomena to be explained, than to refer to one common anc i 
verl'al caufe an almoft infinite number of effe&s, on account o 
con liderable difference, even contrarieties, which they think 
perceive between many of thefeeffcds; who, feeing that fin 
very cauftic iubilance, always very aflive when uncombined 
which lo eafily relumes its aftivity, rather chtife to confidei 
element as the foie principle of all cauflicny, and confcquent 
the foie adive matter that exiils in nature, than to acknow! 
rhat this fame a&ivc force is not thus limited and attached to 
©ne kind of matter, bur that it is general, uuivetlal, common andc 
tial to whatever is matter. Lailly, I perceive that fome will fi 
difficult to underhand that this active force is nothing elfe that 
tendency on gravitation which all the parts of matters have to 
other, and which is not only the caufe of the force with whicl 
parts of the hardeft fleel adhere to each other, but alfo o 
aftonifbing adfiviry with which a cortofive acid difFoircs and 
rours this very hard body. 

I forefee all the objections that may be made to fuch a the 
hut on the orher fide, I (hall have attained my purpofes, and 
flciently explained my opinion ; if the philofophers, who are 
iible of the fimplieity and the general extent of the Ke^vtonian 
lofophy, fhould think that I have made a rational application 
to the chemical phenomena of caufticity, offolutions, and of < 
binations, which, as I have faid, conllitute properly the who 
cliem ifiry. 

It is true that the a&ive and general force of matter which 2 
ton denotes by the name of attraflion, cannot be efiablifhed in 
ticular Phyfics on proofs of the fame fort as thofe on whicl 
fuppoiition of this force and of its law, is become the molt I 
faftory theory of the movements of the heavenly bodies, an 
the fyftem of the world. The fun, the planers and comets, 
great mafles of matter fo few in number, and feparated fiom 
other by fpaces fo confiderable, that from the obfervarionsof i 
movements, and by the aid of a profound geometry, it has ! 
poifible to difeover and demon (Irate the perfe<5t correfpondem 
tliefe effetts, with the force which was fuppofed by Nrzvfox t 
their caufe; and this agreement, which is truly admirable, 
changed that fuppofition into a truth almoft demonflrated t 
perfons of good underfianding. But particular phyfics arc no 
pable of the fame advantages. For here an infinite muhitut 
iuvifible atoms, inconceivably fmall, a ft upon each other at 
tances infinitely fmall and not to be calculated. We cannot 1 
any idea of their mafles, of their velocities, or of their figures, 
which, as the Count de Bnjfor. has obferved, ought neceflarii 
have influence in their aftiun. The perturbations are innum 
Lie, and it is conlequemly aim oil impofiible to demonstrate 
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\ of any calculation, the law according to which all thefe cor- 
les a & upon each other. But although this knowledge, if it 
be acquired, would be a new and very ftrong proof of the 
ai action of all the part* of matter upon each other, efpecially 
conld demon ft rate that the law of their aftion is the fame as 
f the heavenly bodies, or is the neceflary confequence of it ; 
ly however, without this knowledge, perceive in general, that 
great tnafles of matter aft upon each other at great diftances, 
sailed particles of the fame matter ought alfo to aft upon each 
at diftances proportionable to their mafies, fince no reafon 
ci ft, why fmall bodies (hould be deprived of a property or of 
ivity which is fe obvioufty exerted in great bodies* 
ftly, it appears that this univerfal tendency of all thefe parts 
tcer towards each other is the moft limple and general caufe to 
i we can refer the explanation of the phenomena of Che- 
r ; fince no other caufe can be aftigned, and fince the funple 
r to thofe who fhould afk why matter is endowed with this 
force, would be, that as the fupreme Being chofe that the 
ftioukf exift as it does, it was neceflary that matter (hould 
the properties which it has, and particularly this aftive force, 
ut which the heavenly bodies would not run in orbits round 
ter; Without which the elements of matter deprived of all 
tilar movement, would not join nor adhere to each other ; 
Mftfequenrly without which the total mafs of matter, fuppofing 
Bblc that it could in that cafe exift, would be an immenfe, and 
nlefe liquid, that is, a true Chaos* 

^t/STICUM of M. Meyer . This is confidered by M. Mcyer f 
[fixture tefuldng from the union of the matter of fire, or of 
with a particular and unknown acid* This caufticum, which 
ro Calls acid*m pingke s is according to him the foie cauftic and 
iple of all caufticity. See the articles acidum pingue^ canfiicity % 
Hime % and others. 

Addition to the Article CLAY of the former Edition • 

LAY. M* Btaumty who has made many refearches into the 
nature of clay, the refuhs of which are to be found in a me* 
printed feparately, and in his chemiftry, having carefully 
tied moft of the experiments already made by the chemilis 
turned id the former part of this article, agrees with them upon 
moft dfential point, that is, on the perfeft rcfemblance between 
earth of alum when feparated from its acid, and the earthy 
i of clays when purified from all heterogeneous matters, and 
ieularly from vitriolic acid, a portion of which is found in 
ir moft clays. But this good chemili being defirous to extend 
knowledge in this and many other fubjefts, has conceived feme 
D peculiar 
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pec iar idea* concerning the nature of clay, and the caufeol 
properties of this kind of earth. He confiders the argillac 
and vitri liable earths as one and the fame fpecies of earth, and 
principal lad on which he grounds this opinion is, that ' vitrif 
earth when precipitated from the liquor of flints by an acid, hs 
the properties of the earth ot alum, and particularly that of fon 
alum with vitriolic acid. This proves that the argillaceous! 
owes its origin to the verifiable earth, as Stahl has faid of th 
well as ot the calcareous and other earths. 

But can it be hence inferred that there is no difference her 
the earth of land or flints and argillaceous earth, and ougfc 
even to apply to this latter earth, the epithet •vitrijiable? 

By the fame rule we might, according to Stahl's idea of calcai 
earth, give to this all'o the name of viirifiable earth : for it hr. 
origin and properties common to both, which might authorife 
appellation ; and on the other fide, argillaceous earth has pn 
ties very peculiar, by which it is as much diftinguifhed as cal 
ous earth is, from vitriliabJe. Argillaceous earth has a bit 
quality, a peculiar dudiliiy and adheiion to water, v 
pure vitrifiable earth never poflelles, however finely it ma 
divided. It cannot ferve as a flux to calcareous earth or gvp 
as verifiable earth does. It requires even greater hear, a 
huger quantity of fluxes than the true verifiable earth, to 
its vitrification. I know alfo another very important pro 
which I have ascertained by many experiments, by w hich it d 
from vitrifi.ible earth in a more remarkable degree than in th< 
fiances above-mentioned, even although the latter earth has 
l'cred ihe greatefl diviiion of which it is fufceptible, and has 
made to approach as near as it poflibly can to the argillaceous e 
by fufing it with a large quantity of alkali. The properry 
meant is that by which pure argillaceous earth, or earth of s 
when combined wfith fixed alkali, is the mod: effectual of all ki 
Jubilances in making the red colour of madder adhere to cotn 
thread. Vitrifi.ible eaitb, combined with fixed alkali, or it 
other form, does not po fiefs this propeity. I (hall further obf 
that this earth of the liquor of flints, alfo the earth of the aft 
vegetables, .and the earth which precipitates fpontaneoufly 
fixed alkali, although they be all fit for making alum by combi 
with vitriolic acid, arc ncverthclefs very far from the ftateof 
and Ample argillaceous earth. They differ Angularly fromr 
latter earth, in being exceedingly f ufihlc, which property they 
bably owe to a portion of fixed alkali, W'hich is fo intim 
united with them, that it cannot be wafhed aw'ay by any q 
tity qf water. All thefe conliderntions incline me to think tha 
name ot argillaceous earth ought to he continued, and that ot *1 
JiabU earth ought to be confined to the earth ufually fo called. 
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fecond opinion peculiar to M. Beaune concerning the nature 
ays, is* that the vitriblic acid is a neceflary principle of thefe 
s and one of their conftituent parts. He didinguifbes in na- 
:liys a ve»y attenuated vitrifiable earth, but which not being 
•ined with vitriolic acid* is hot in the date of clay, but is only 
»F the materials proper for its formation. Finally, he applies 
tame and properties of clay folely to the combination of this 
with vitriolic acid. According to this able chemid, this earth 
ic property of combining with this acid in very unequal pro- 
mos, that is to fay, either in fo fmall a quantity that the fait 
ing from the combination (hall have a fmall excefs of acid, in 
h cafe this fait is alam t or that a compleat faturation (hould take 
or even more, and then a vitriolic fait will be formed with an 
y bafis, which approaches to a felenites with a bafis of ealca- 
earth, by its infipidity and little folubiiity, but which having 
rs bafis a vitrifiable earth ought to be didinguiihed from the 
by the name of felenites with bafis of vitrifiable earth j fo that 
clay Is nothing but alum fa tu rated or fuperfaturated with its 
, in a word, a felenites with bafis of vitrifiable earth, 
it proofs on which M. Baum'e eftablifhes this opinion, are# 
hat he has been able to reduce alum to a kind of felenites by 
>injng in this fait the greated pofiible quantity of its own earth, 
tiat by boiling clays in didilled water, he lias always remarked 
this Water diflblved a fait with earthy bafis, of the fame nature 
ira faturated tvith its earth, which fait was decompofed by ad- 
fixed alkali, and the precipirate thereby formed was fimilar to 
of alum. 3. Ladly, M. Beaune having obferved that all 
decompofe nitre, that this property is retained even by thofe 
which have been expofed to violent fire, fuch as that which 
$ into the compofition of India porcelain ; and alfo that vitri- 
d tartar may be obtained from the refid u urn of the decompo- 
l of nitre by clays crude or baked, concludes, that vitriolic acid 
e of the con dituent parts of clay. , 

appears in fad, that in mod native clays, there is a certairf 
ttity of vitriolic acid intimately combined with it and in foine 
*ure fuperfaturafed with earth, and this acid adheres drongly 
lefe earths. But is this obfervation fufticient to edablifh folidly 
general theory, which we have mentioned, concerning the con- 
ent parts of clay. I cannot be convinced of it, notwithdand- 
ali theMeference which I am difpofed to have for M. Bcaume a 
lions: Fird, becaufe it has not been proved, that all clays do 
ain vitriolic acid, fince for this purpofe it would be neceflary 
ave examined them all, which has not been done, nor is pofli- 
to be done on account of the infinite variety of tfiefe earths, 
’exen probable that clays might be found entirely free from vi* 
ic acid, as the great quantity of this acid was obferved to vary 
L it much 
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mucli in the clays examined by M. Bcaumh If Nature lias < 
tributed this acid fo unequally, is it not pofiible that to fame fhc i 
have given none ? Secondly, if the vitriolic acid were an efts 
conrtituent part of clays, they ought to change their nature m 
and more as they are deprived of more of this principle ; and laf 
fhould ceafc to be clays, when they have been entirely deprive! 
it. This however does not happen. For clays exhaufted b) 
many wafhings in ever fo much pure water of every thing falint 
felenitic, fo far from lofing any of the argillaceous properties, j 
fcrve them all, and on the contrary, become more binding! 
more pure ; and on the other iide, by adding the proper quani 
of vitriolic acid to the earth of alum, this earth ought to be rende 
perfe&ly fimilar to native clays, but this too does not happen. ] 
the earth of alum, deprived of all acid, poflefles all the argillacc 
properties in the higheft degree, but it lofes thefe properties in p 
portion as it is recombined with vitriolic add; it efpecially 1c 
the charafteridic property of clay, and by which it is diftinguUl 
from the earth called verifiable, namely its peculiar du&ility, 
M. Bcaumt himfelf proves from his own experiments. 

■Laftly, the decompolition of nitre by clays, and the vitriola 
tartar which may be obtained from the refiduum of this decom 
fition, would prove the prefence of vitriolic acid in dap, if i 
were the only earth capable of effe&ing this decompolition, am 
the quantity of vitriolated tartar remaining in the reiiduom w 
proportionable to that of the nitre and clay employed. But M, 
rtillard found from very exa<5t experiments, related in a Mem 
prefen ted to the Academy of Sciences, that the purefl fand procu 
the decom po fition of nitre, as well as clays, and that no vitriola 
tartar refults from this decompolition. It is not therefore furprif 
that bruifed Indian porcelain, mixed and didilled with nitre, fhoi 
occailon the decompo fition of this fait. And although the vitric 
acid, which is found in many clays, muft undoubtedly con tribi 
coofiderably to thu decompolition of nitre when fuch clays are e 
ployed, it does not thence follow that this acid ihould be one of i 
condiment parrs of clay in general. 

All thefe conliderations incline me to beliete that vitriolic * 
not only is not a condiment part of clay, but alfo that the * 
which is found in many of thefe earths, however it may be cosnbixn 
is only accidental ; that it is a heterogeneous matter* as foreign 
clay properly fo called, as calcareous earth, gypfum, fpar, quar 
fand, bituminous, fulphureous and metallic matters, or anyotl 
fubdances that arc mixed naturally in a greater or lefs quantity 
nlfnod all clays, and which nobody has ever thought of confided 
as condiment parts of pure and fimple clay. 

M. Beaumcy while he thus extended his refearches on claj 
could noi fail of forming a theory on the caufe of the great fufil 

Ii 


Digitized by Google 


p JL A Y* 

xved in the mixtures ofthefe earths with calcareous earths, 
gy pfums and felenites ; a Angular phenomenon which Mr. 
t difcoveird, sod which JVJ. Bemmi and J hare had occafion 
re upQn many different occ^fipos ip a ycty numerous courfc 
riipents which we made concerning mixtures for making 
d. J had begun thefe experiments fingly, fpr which I bad 
bed the mpQle*fqrna£e capable of producing the mofl violent 
Which 1 ha^C given a defcription in my memoir on clays, 
he memoirs of the Academy for the year 1758- M. Beanmt % 
aerit I knew, having fignifled his wife to partake of this 
iccepted his offer gratefully* he courfe of experiments 
. had undertaken, was continued with renewed jxal during 
rears, in my laboratory and at my expence. Vft repeated 
11 she experiments of Mr* Pptfa Litbogeognojia^ and many 
M. Beaumt has alfo fince that time made many interesting 
ents on clays, an account of which be has publifhed in his 
upon thcfe earths, and in his book on Chemi&ry.' AH 
penmen ts ferye as a bafis to the explanation which he has 
: the fufibitity of mixtures of argillaceous and calcareous 
M* Beuumt attributes this fufibility to thre? caufes, i. to 
olic acid which he believes to be a principle of clays. 2. to 
l alkali, which according to his opinion, is produced by the 
ffire in calcareous earths'; and 3. to a principle of fufibility, 
ature is not well known* 

idea not being propofed as a doftrine that is proved, I (hall 
: difeufi the reafons for and a gain ft. I (hall only fay that 
li which is fuppofed to be formed in calcareous earth, and 
vitriolic acid of clays or of gypfum, do not feem to be pro- 
rocure, at leaft jointly, the fufibility, becaufe thefe two 
cannot fail in combining together arid! forming vitriolatod 
rhich it not a vitrefeent *falt* I refer to my Memoir on 
r what I have laid on this fubjeft* 
refult of the experiments which are Jtlatedjn that Memoir 
thers which I have made fince, is that the argillaceous earth 
"when perfe&ly deprived of vitriolic acid, is as refra&ory 
vitrifiable earth, and even refifts more than this latter earth 
an of feline and metallic fluxes; that the mature of vitrifl^ 
I argillaceous earths is not more fufible than they unTfe* 

' l that pure calcareous earths and gypfums, although veiy 
to melt," are neyerthelefs more fufible, without iMtion or 
, than ’ argillaceous and vitrifjable earths ; that gypfum is a 
>re fufibhs than* calcareous earth ; that the mixtuih of a little 
th calcareous earth or with gypfum, difpofes them a little 
fufion ; that pure argillaceous earth in whatever proportion 
ixed with calcareous earth or with gypfum, does not en- 
fceir fufibility j but that by mixing together thefe three 
D 3 kindf 
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kinds of earth?, namely the argillaceous, verifiable and thebaic 
ous, which do not melt fingly nor any two ot therti united, 
greatefl degree of fuiibiiity is acquired, of which remarkable ph< 
menon I do not attempt to allign any caufc ; but it feems to fui 
me with an additional argument for not confounding pure arg 
ceous earth with that which is commonly called vitrifial-U. 

Addition to the article COMBUSTION of the former Editio 
OMBUSTION. It is a curious and important queftion 



the contadl ot air is neceflary to combuilion. But from \ 
of a fufiicient number of facts, this is one of thofe points in N 
ral Philofophy, on which wc can only form conjectures. As 
then only I propofe the following ideas.- 

It is known that if any combuftible body be burnt under a 
ceiver containing a certain quantity ot air, Which cannot be rei 
ed, this body burns at fir ft as it it were placed in open air. 
that prcfcntly its fiune becomes fmaller and lei's luminous ; th 
length, fooner or later, according to the fixe ot the receiver, 
combuilion ccafcs cntiicly. 

If wc afterwards examine the ftntc of the receiver, we fhail 
that the quantity of air which it contained hetore combuilion 
been remarkably diminiilied by this operation, fo that the rece 
is in this refped in the fame Hate, as it a part of the air had I 
exhaufted. This fir ft fad proves either that a part of air is deft 
cd by combuilion, or combines with fomc of the principles ol 
combuftible body. But if we examine further the air in whi 
body has burnt and has become extind, we find that not onl 
quantity is diminished, but all’o that its nature is changec 
many rd'ptds, and particularly in this, that it cannot again ( 
for combuilion, even when it is condenfed in a fmaller receiver ; 
from this fccond tad it follows, that combuilion does either r 
fiome fubilance combine with air, which changes the prevperti 
this fluid, or that atmofphericnl air is a mixture of feveral 
dances, ot which only one is fit to maintain combuilion, and 
this one is abforbed or ddlroyed in this operation. 

Thclc fads are not fulficicnt to enable us to decide what ch 
happens to the air in combuilion, and we mult therefore reci 
analogy. Jn confidering combuftible bodies as compound 
which the matter of fire is one ot the conftituent parts, and 
combuftion as n dccompolition in which this igneous priocij 
leparated, it is natural to compare combuftion with other de< 
politions, with which Chemiftry has made us acquainted. But 
certain that heat alone is capable of feparating the principU 
many mixts; and there arc others, on which heat is not capab 
producing this died, and which never would have been de< 
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l, if we had not difctfvered that the aftion of certain fubftances 

ofeffefting or rather compleating what heat alone could 
s» Several neutral (alts, and efpecially common fair, cannot 
CDfnppfcd by the foie action of heat, and we fhould not have 
n either the acid or the alkali of this fait, it we had not dif- 
•d by experience, that the vitriolic and nitrous acid were ca- 
ofi feparating thefe two conftituent parts, by uniting with one 

m, and thereby difengaging the other, 

efe things being confidered, may we not conjecture that com-% 
le bodies are of the number of thole mixts whofe principles 
: be feparated by heat alone, and that the matter of fire par- 
ly, which is the caufe of their inflammability, adheres fo 
1 y to them, that it cannot be feparated without the affiftance 
atermediate fubftance, the aftion of which united with heat, 
es capable of procuring that reparation ; and in this cafe, is 
probable, that the air is merely the intermediate fubfiance 
ed, and as fuch is necefiary to promote combuflion ? This 
lation at lead appears to agree well enough with all the known 
mena of com bullion, and efpecially with the principal and 
nental faft, namely, that no combuftible body can reall/ 
that is, be decomposed by the feparation of its inflammable 
pic in very clofc veflels and without the immediate contact 
and that the more confiderable and intimate this contaft is, 
ore quickly and vigoroufly the combuflion is effected, as ex- 
ec (hews. 

the fecond place, we may eafdy conceive that if air ads in 
i ft ion, as a decompofing intermediate fubftance, it muft fub-. 
itfelf in the place of the matter of fire, which is thereby dif- 
cd from its combination; and it is for this reafon that there 
^ is a confiderable abforption, or diminution in a given quan- 
r air that has ferved for combuflion. 

why after a body has burnt a certain time, and has fponta- 
y become extinft in a quantity of air not renewed, does there 
a a confiderable quantity of an aerial fubfiance which cannot 
igain for Combuflion ? The anfwer to this queftion is, that 
urefl air is the only intermediate fubftance which can ferve 
mbuftion, and that the air of the atmofphere is a mixture of 
»ir and of another fubftance, which, notwithftanding it has 
ipearances and fome other properties of air, is nevertheless 
iifferent. This fubftance is the gas which has been common- 
led fixed air . But in combuflion, it is only the part of the 
pherical fluid which is pure air that is abforbed and combU. 
as the decorapoGng intermediate fabftance ; and therefore, 
her part, or gas, which cannot aft as an intermediate fub* 

, remains entire after the combuflion. If this be the cafe, 
a body U burnt in air perfeftly pure, no gas ought to remain 
P 4 after 
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after the combuftion, and 1 believe this would accordingly happe 
but we cannot ipeak with certainty on this point till many impc 
tant experiments have been ipade, which have pot yet beep j 
tempted, becaufe no method was known till lately of having 
much purer than that of the atinofphere, and becapfe the idea 
thefe experiments could not be fuggcfted before the late difcovei 
on the different kinds of gas. Of thefe 1 (h^ll relate one of i 
fined which 1 have feen exhibited by M. Lavaijur^ after 1 
Priejiley , in preience of feveral very intelligent peifoos.-j 

It appeared from the experiments of Meflirs. Halcs y Pritfi 
Lavoijie and Bayen % that metallic calxes contain a great deal of 
aerial fubftance, which is difengaged during their redu&iop t 
metallic Hate, and that this lubdance is t^c mephytic gas, in 
pable of fupporting the life of animals, or combuftion, when 
redudion was effeded by means of inflammable matter : But n 
cury calcined without addition, called precipitatf per fe y and e 
minium and red precipitate , being capable of refuming their men 
form without addition, and as this reduction does neverthelefs y 
a large quantity of aerial matter, it was veiy important to find 
what this aerial matter was, and efpecially whether it differed f 
the gas which is difengaged in reductions of calxes made by m< 
of combuftible bodies, and this was the object of M. Lervoij 
experiment, which proved that the aerial fubftance difengaged f 
calcined mercury, when it refumes its form of running merci 
without the addition of any phlogiftic matter, not only is not 
phytic gas, but is even the pureft air that can be found, ar 
particularly free from any mixture of mephytic gas. But in o 
to afeertain this latter fad, it would be neceflary to carry the 
periment further, by making an inflammable body burn in 
pure air feparated from calcined mercury, till this body becc 
exrind. It would certainly burn much longer tLan in an a 
bulk of atmofpherical air; but if this combuftion had abforbed 
whole of the air, and if none of this gas remained or but very 
tie of ir, this would thi^ow a great probability on the opinion w\ 
I have propofed. It would then remain to difeover what is 
part of the atmofpherical air, or thU gas which cannot ffirvi 
combuftion. ’ 

Dr. Priejiley who has made us acquainted with many of its 
perties by very’ ingenious and accurate experiments, feerns incl 
to confidcr it as a compound of pure air ahd phlogifton. But 
opinion is fubjeft to great difficulties and cannot be confirme 
refuted but by new experiments which remain to be made. 

We will here recapitulate the manner in which I conceive 
combuftion is executed. 


•f* The Duke it !a Rccbefe"“>u!t t M. Trade; ne f tyl. de Mcrveau, the Dc 
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I confider every combufiible body as a compound in which 
or jthe material fubfiance of fire, is combined as one of the 
iplea or confiituent parts of chii compound. 

I typpofe, from £a<fls, that this matter of light, this principle 
mbuftibility of porn bubble bodies, cannot be difen gaged by 
toe force of beat, and without the concurrence of the a&icn 
iecompofing intermediate fub fiance, 

I again fuppofc, from fads alfo, that there i| in nature only 
tind of matter, which can fen re as an intermediate fubfiance 
i>e disengaging of the light pombined in combufiible bodies, 
hat this only matter is pure air. 

admitting thefe fuppofitions which appear to me per fed y 
lent with all th p phenomena of combufiion, I believe that u c 
cafily conceive : 

Why any combuftiblo body cannot burn without aceefs of 
rod the eafier this aceefs is, the more vivid and rapid is the 
tuition. 

Why a given quantity of air cap only ferve for the com* 
an of a given quantity of combufiible matter. 

Why in all combufiions, feme air is abforbed and difap- 
, in a quantity proportionable to that of the combufiible 
which burns. * 

Why, when the combufiion is expited ip clofe veflels, by means 
e included atmofpherical fluid, there remains after the body his 
4 to burn, foy want of a renewal of fireih air, a confiderab 
tity of a fluid having the appearance, the tranfpatency, the 
city of air, and which is yet not air, at lead not pure air, but a 
vhich kills animals ; which precipitates the quicklime of lime- 
r* into a mild efiervefeent calcareous earth, which faturates 
ic alkalies, and renders them cryfiallifable and efiervefeent, is 
Why the alhes and the alkalies which remain after a Ample 
bullion are very efiervefeent with acids, and yield much gas, 
r ales has (hewn. 

Why the calxes of metals are of greater abfolute weigh', 
the metal was before its combufiion ; and why in the reduc - 
of thefe metallic calxes, by which they are deprived of this 
fs of weight, ' thpfe is a quantity difetigaged either of ve»y 
: air, by air rendered impure, which has acquired the qualities 
tephytic gas, aepording as this redu&ion is made, either with 
ithbut addition of a new quantity of inflammable matter. < 

• Lafily, why metals, which after having fullered the aftiem 
:ids, are in a date fifpilar to thofe which have been calcined 
tere combufiion, prefept the fame phenomena in their reduc - 
; and particularly why mercury difiolvcd and calcined by 
ms acid, when if is again reduced into fluid quickfilver in clo? e 
:h, yields a great quantity of very pare air, while the kit 
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portions of citrous acid that arc obtained by difiillation in tfo 
pneumato-cheraical apparatus, is fo altered, that it is only a gas 
which cannot refume the properties of nitrous acid, till ft be re- 
combined with pure air, with a given quantity of which, it unites 
to the point of Saturation. 

However important this theory of combuflion may be, I (boulA 
lengthen too much this article by the explanations of thefe quef- 
tions. They will occur to the reader after he has attentively exa- 
mined the articles Calcination , Lletaldc Calxcs , Fire y Pklogif.t* 
and Gat. 

Addition to the Article DETONATION of the former Edition* 

D ETONATION. Stahl does not only attribute the detona* 
tion of nitre to the water contained in it, but be goes far- 
ther, and is of opinion that the aggregation of the water is thus 
entirely broken, and that its particles acquire the properties of 
air. This is one of thefe ideas, the impoflibility of w hich is not 
demonftrated. But it appears more probable, that air is itfelf 
one of the principles of the nitrous acid ; and if this be the cafe, 
it is much eafier to conceive why this acid has lefs oecafion than 
any other combuflible body, of the accefs of air to effe& its com- 
buflion; fince it contains a matter which is gradually difeogaged 
from it while it burns, which has the property of maintaining 
combuflion. The flame of nitre which is made to detonate flow- 
]y for the fake of obferving it, feems to prove what we have ad- 
vanced.. For it has the appearance of a body, ivhofe combuflian 
is excited by a violent blafl, which feems to iflue from within 
itfelf. 

Since the properties of gafes have been obferved, feveral philo- 
fophers have thought that the violence of the explofion of gun- 
powder might be produced, neither by the expanfion of iir, noc 
of the watery principle of the nitrous acid, redyccd into vapours 
during the inflammation and decompofuion of this acid, but ta 
the dii'engagement of a confiderable quantity of a gas which is 
produced by the effect of the reciprocal decompofitioiv of the ni- 
trous acid, and inflammable matters with which it detonates. This 
is the opinion of the author of the notes of the Englfh edition of 
the Dictionary of Chemiflry ; and certainly this opinion is not 
without probability. It is further (hewn by the experiments of 
Meflrs. Pritjllty and laovoifitr , and others who hove lately attend- 
ed to this fubjefl, that the nitrous acid is filled with elaflic aerial 
fluids, one part of which may be feparated in form of pure air, 
and the other in the flate of a gas, which has no refemblance to 
nitrous acid ; but w hich has the remarkable property of being 
converted into nitrous acid, by mixture with pure air. Tlcfc 
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momena which begin to throw much light on the nature of the 
rous acid, and perhaps of other acids, feem to prove that air 
me of the condiment' parts of the nitrous acid, and it mull 
confefTed, that all the other .properties df this acid are con- 
nnahle to this proportion, Sec GAS. 

FECULES of PLANTS. The name of fecule may be given 
leraliy to all matters feparated or depofited from the exprdfed 
:es of plants, or from the water in which plants are intufed. 
e fecules are hitherto but littlq known, and it is only very late- 
hat they have been examined. All fours and Jlarcbu may 
confidered as fecules.' At the article farina % an account is given 
he refearches made on that fubje<3. 

Hie green part of almoft all plants forms another kind of fecule. 
is found commonly divided and diftributed in the exprefied 
res of plants, renders them green and turbid till they have been 
ifted; which (hews that it is not diflolved, but only fufpended, 
accordingly it is eafily feparated by clarification, depolition, or 
filtration. This green part .of moil plants, although it may bo 
irated in form of a fecule, like (larches, does neverthelefs 
er etientially from thefe, in this refpe#, that it is perfedly in- 
tble in water, even with a boiling heat. It appears from a 
c printed by M. Roudle in the Journal de Mcdcciue^ (March, 
3.) that his late brother was the jirfl who began to examine 
i green matter almofl univerfally diffufed through the whole ve- 
ible kingdom. The property which it has of being infoluble 
eater, and of being foluble in fpiric of wine, ether, or oils, had 
le the late M. Rouelle conclude, that it was of a refinous na- 
r, and this conclufion is in fome meafure juft. But M. Rouelle , 
younger has difeovered, that the whole of the green fecule, 
ich is feparated from plants, is not a pure refin, but that it 
tains another matter very different, as it yields by diftiilation 
1 retort, the fame principles as animal fubftances do, namely, 
itile alkali and fetid oil 9 which principles are not obtained from 
proper refin. 

rhis fubftance of the green fecules, which is in fome meafur© 
mimal nature, not being foluble in water, even with the aflift- 
e of heat, appears to be very fimilar to the glutinous part of 
na. This is the opinion of M. Rouelle , and is very probable, 
is drfeovery deferveg to be profecuted, and without doubt, it 
i with all the requifite care, as it cannot be in better hands 
n in thofe of M. Rouelle* 

The green colour of plants is eafily altered, and is changed to a 
lowifh brown, by a kind of fermentation which happens to 
nts, after they have been gathered, unlefs this fermentation bo 
vented by a quick drying. I (hall obferve upon this fubjedl, 
t although this green cojour changes and even entirely difap- 
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pears, it is neverthelefs not dedroyed ; and one may, by mean 
of men ftru urns, feparate and extract the green part of dried plant 
which have not the lead appearance left of their green colou 
At lead, when I examined leveral kinds of tobacco with Meffr 
CWr/, Demorety and Mitouard % it happened, that upon applyir 
ether to fome tobacco, which we bad exhaufted as much as \ 
could by means of water, and which had the ufual yellow-brtwi 
colour, a very fine green tin&ure was thereby extracted. 

It is probable, that there is in the vegetable kingdom, and ev< 
in the animal kingdom, other kinds of feculent matters ; perha 
even there may be man f fuch, Jt would be an intereding fubje 
for examination. Mod of the colouring parts of the dying m 
terials, may be nothing butfecules. Thus, forinftanpe, indigo : 
a blue fecule. It differs however from the green fecules of plant 
not only in its colour, but alfo in being infoluble by fpirituous ai 
oily folvents, and in being qnly foluble by faline f usances, 
by a kind of putrid fermentation. We may eafily perceive th 
this is a new fubje# of refearches. Every vegetable or animal 
whole in the order of beings ; but this whole is an admirable i 
femblage of a great many mixts, very heterogeneous, and of di 
ferent orders. To feparate ihefe from each other, and to difcov 
the nature and properties of each, is the obje# of chemidry. 

FARINA, or FLOUR, is a fubdance which has much of t] 
nature of gum or mucilage, but which has evidently more tail 
is more fufceptible of fermentation, and of yielding pourilhment. 

This matter abounds in the vegetable kingdom, and is the 
diftributed in different parts of certain vegetables, Some kin 
of roots, fuch as thofe of briony, potatoes, that from which cafla 
is extracted, falep, and leveral others contain a great deal of 
white fecule, which has the properties of farina. But the largi 
quantity of this matter fo valuable, on account pf its filpplytng tl 
principal nourilhment to mankind, and to many other animal 
refidcs in grains, which are therefore called farinaceous,, fuch 
thofe of wheat, rye, barley, oats, rice, and other iimilar plant 
It is depofited in thefe grains for the fame purpofe, as mucilaj 
and fweet oil are in the feeds called emnljtve , that is, to ferve f< 
the nourilhment and growth of the germ of the plant, in the fir 
period of its expanding. It is a nourifhment ready prepared, and ; 
it be may faid, already digeded by the parent plant, for the fuppo 
of the beings which it re-produces. It is the aliment of the 
earlied age, while they are yet too weak to extra# direflly frot 
the earth and other elements, the materials which they mud a 
tenvards transform by their organic a#ion into their oWn ful 
dance ; in the fame manner as the emulfivc milky matter of man 
other feed;, that of the yoke of an egg, and ladly, the milk c 
animata, are evidently dedined to procure to the embryos, c 
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mg pt thefe feveral beings, a nourUhment already hatfaffimii*. 

, the digeftion of which is eafy and proponionable to the 
kpcft of their organs. 

u ioon as granivorous animals arrive at an age, when they are 
to go in queft of food, they fearch for by in Hind the fatina- 
as grains, which they prefer to every other vegetable aliments, 
n man, although he can be nounibed by almoft all vegetables 
animals, has difeovered from time immemorial, in thcfc grains 
liment fuited to bis nature, and preferable to many others, 
taps he began by bruiting tbefe grains between his teeth, and 
ifing thofe only which grew fpontaneouily on the furface of 
earth. But the intelledual faculties which diflinguifti him 
i other animals, muft foon have taught him to multiply this 
ious aliment, by cultivation, to break the farinaeeous grains 
«cen Hones, in order to feparate from it the farina or Hour, 
laftly to give to this nutritive part certain preparations which 
er it more palatable, and more eafily digeflible. This is cer- 
, that from the earliefl ages of the world, men hare cultivated 
farinaceous plants and have prepared the flour which they 
ce extra&ed for their principal aliment, 
ut it tnufl appear furpriflng, that it is only within a few years 
the nature and principles of a fubflance fo ufeful to us have 
invefligated. Mr. Bcccari in Italy ^ and Mr. Kejfel Meyer in 
tamy appear to have been the firfl who have made experiments, 
rder to difeover the conflituent parts of flour. Their labours 
: not been unfuccefsful. To them we owe the difeovery of a 
aoce before unknown, whofe properties are very curious, 
idered in a chemical light, and very interefting by the influ- 
which they mud have on the qualities of bread. Another 
ntage alfo very great of thefe firfc refearches, is, that they 
excited the attention of feveral excellent chemifts, who, after 
tting the experiments of Meflrs. Beccari and Kejfel Meyer , have 
ed them, and will undoubtedly yet carry them farther, 
our diluted and diffufed, in cold water, renders this liquid 
c and milky, without being really diflblved in it. If a cer- 
degree of heat be given to this water, then the flour is actually 
Ived in it : the opake whitnefs disappears, and the liquor be- 
5s a tranfparent pafle, and approaching at once to the nature 
mucilage and a jelly fo much thicker, as the quantity of flour 
foyed has been greater. This kind of pafle may be dried by 
orating the water, and thus becomes a femi-tranfparent mat- 
brittle when it is thin, but which has nearly the confluence of 
gum when it is in thicker mattes, This dried pafle may be 
ned, diluted, and even re-diflolved in water as gums are, but 
a little more difficulty and left completely* 
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When the folutidn, or even the mere dilution of flour in watety 
fs not quickly dried, a fermentation evidently’ appears to take jdaet' 
in it, which is at firll of the fpirituous kind, if the vifeidity of the 
farina has been deftroyed previoufly by the preparation, which 
farinaceous grains are made to undergo, before they are employed 
in the making of beer. But this fpirituous fermentation is incon- 
ftderaMe, and pafles at once to the acid fermentation, and from 
thence to mouldinefs, to a kind of putridity* if the farinaceous 
matter has all its vifeidity, as we fee for inftance in pafte, which 
foon fuffers thefe alterations when a quick drying, or great cold 
do nor prefer ve them. * 

When flour is diluted with a much. Smaller quantity of water, it 
forms a ductile jiafte, which may be kneaded : And when it is ex- 
posed to a baking heat* it forms what is called a cake. By means 
of this preparation, the flour acquires a more agreeable tafte, efpe- 
cially in the cruft of the cake, becaufe this cruft is drytd by the 
fire, and even fcorched, by which its tafte is confide r ably heighten* 
cd. As to the internal part or crum of this cake, it is observed to 
be fmootli,* compact, more tranfparent than the pafte was before it 
was baked ; in a word, it is a very thick flour-pafte, very heavy* 
infipid, not ealily diluted by the fpittle^ nor digefled by the 
flomach. 

But when the pafte, before if is baked, is allowed to trvdergo 
to a certain degree the fpirituofo-acid fermentation, of which *it is 
fufceptible, or which may be haftened by mixing with it forae v 
leaven, then the pafte fwells by the difengaging of the volatile gas, 
which rifes in the fermentation, the vifeidity is dimmiihed, by ibt 
inteftinc motion and confequent divillon of the particles. When 
the pafte, as foon as it comes to this ftate, is baked, it becomes 
bread, the crum of which, mftead of being compact, heavy, as 4 
infipid, like that of the unfermented cake, is light, porous, of a 
more agreeable tafte, and more eafily drgeitible. .This is on* 
doubtedly the beft and moft wholfome ftate to which farinaceous 
grains can be brought, for the purposes of digeftioa and au* 
trimenr. 

Thefe properties of flour hate been fo well and fo long known* 
that it would have been ufelefs to have mentioned them, if it wat 
notnccetfary to have them now prefent in our minds, that wr 
may conned them properly with the difeoveries which have beet 
lately made, concerning the conftrtuent parts of flour. llhaH 
only obfeive further, that if we add to the above fome other fafb* 
which were known by chemiih, namely, that flour was no more 
foluble than gums in fpirit of wine, or oils, and that when exjwfed 
to diftiUation with a degree of heat, fuperior to that of boiling 
water, by which alone, they as well as other vegetable ma«trrsi 
not of the volatile kind, caa be decompofcd, the)' yield the fan* 
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:iple$ as all the other bodies do, which are fiifceptible of the 
tuous fermentation ; it was natural to think, that this fub- 
e was known nearly as well as it could be. But this matter; 
h was fuppofed to be homogeneous, is really nor fo ; and it 
f feparating and didingufthing a fubdance quite different from 
vhitc feculent part, which predominates in flour, that the 
era difeovery confids. 

is eafy to conceive that this fubdance, different from the 
ous and feculept matter called Starchy but which is in its na~ 
l date intimately mixed with this darch, and which was not 
eptible in any of the known operations, for the reafons here- 
■ mentioned, could not be diltinguifhed and feparated from it 
by fome operations of another nature ; and this accordingly 
what happened. 

cannot fay whether Mr. Bcccari was the firfl who thought of 
ting with cold water, pade made of wheat flour, which wa9 re- 
, and had not undergone either fermentation or baking, and 
mtinuing this wafhing by frequent changes of water, and col- 
ng each time the remains of the pade, till the water, from 
ig white at fird became clear and limpid, and till the remain- 
part of the pade can beobferved to be quite a different fubdance 
j the other part or darch, which the water had diluted and 
ied off. I am inclined to believe that this' pradlice was not 
rely unknown, and was ufed by fome artifls to procure a pade, 
;lue more folid than* the common one made of flarch, fit for 
rrent purpofes, fuch as the joining together pieces of broken 
:elain ; but this appears certain, that if this matter was thus 
wn before Mr. Beccari , thofe who ufed it, confidered it onl 
he dronged and mod adhefire part of the flour, and did net 
it to be of a nature effentially different. He was, therefore, 
fird who excited the attention of chemifls upon this matter, 
publifhing in the Bolognian Memoirs, a* courfe of experiments 
le to difeover the nature of this fub dance. 

Sometime afterwards Mr. Kejftl -Meyer made it the fubjedf of a 
&s, held in the Univerfiry of Strafbourg; and then fevcral 
er chemids made it the objeffc of their refearches. Thefe re- 
rches could not fail in procuring an analyfis of flour, much more 
urttc than had been made before. Mr. fleuelle is one of the 
\ who engaged in this matter, with much zeal. I ought here 
give tedimony, that from the year 1770, he gave in his courfe 
chemidry, the analyfis of corn, from the experiments of Mefirs. 
ccari and Kejfel- Meyer. I faw there, together with all ouraudi- 
s, the different produces of the analyfis of corn made by Mr. 
**Ue y and particularly a large quantity of the glutinous matter, 
Ferent from the darch. Meffrs. Beaume , Malouin, and Parmentier , 
*ealib mentioned it in their works. Laftly, Mr. — 1 - Author 
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of the French edition of the London Pharmocopela, has finee 
fumed this matter, and has done me the honour to invite me to 
operate with him in the numerous experiments, which he 
undertaken, in order to verify rhofe which have already been ms 
and to add many new ones. An account of thefe will be girei 
his third and laft volume of the London Pharrtiocopeia* 

Whatever therefore I (hall fay concerning the late anafyfe 
flour is from the above-mentioned chemilts, efpccially the Aut 
of the tranflation of the London Pharmocopeia, who has b 
plcafed to allow me to anticipate his account of his new refearcl 
When pafte made with wheat flour is wafhed in the manne 
Mr. Bcccari , before it has been fermented or baked, the parr wh 
remains, after the water can extract no more ftarch from it, 
called the or *vc get o- animal matter * 

The quantity that is obtained of this matter varies much, 
this difference proceeds probably from the qualities which the fl 
receives from the kind of corn whence it is prepared, and fi 
thole which it receives from the foil and ftate of the atmpfpb 
having been more or Iefs favourable to the vegetation of the a 
This quantity extends from a fifth to a third of the whole, ; 
even more, according to Mr. Bcccari ; but its qualities are ata 
the fame, whether its quantity be greater or lefs. 

The manner of obtaining this matter pure and feparate fi 
ftarch, Ihcws that it is not foluble, nor even diffufible in water, ; 
its great tenacity and du&ility (hew that its parts have the p 
perry of joining and adhering well together. Thus it forms a n 
which has nearly the fame foftnefs as the pafte whence it is p 
pared ; it9 colour is a little more grey, and it is much more tenaci 
and elaftic ; fo that it may be extended till it becomes ten 
twelve times longer without breaking, and when one ceafes 
flretch it, it contra&s to nearly its former dimenlions. It may 
alfo extended in breadth, and when thus made thin, it has a fmo 
furface, and refembles much in appearanee the membranace 
parts of animats, fuch as the cellular membrane, and the epiplo 
Its fir. ell, when it is frelh, is exactly the fame as that which is p 
ceivcd in Corn -Mills. Intafte, it is infipid, and it cannot be dilu 
in any degree in the faliva by means of maftication. In orderto p 
ferve its fofrnefs and its extenfibility, it mu ft be kept in water, 
adheres fo ftrongly to all dry matters, that in order to manage 
to mould it, we inuft frequently inoiften our hands with water* 
This glutinous matter dries very eafily. And when it is ms 
to dry quickly, all fermentation is prevented. It becomes m< 
brown when it is dried, and acquires the femi-tranfparency 
glue, and nearly the fame folidity. When bent to a certain degr 
it breaks with a fmooth furface and with noife. Thefe qualit 
make it lit to ferve as a glue to lallen pieces of glafs* porcelain; wc 
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veti of metal. When it is to be ufed for this purpofe, the 
s to which it is to be applied mull be very dry. It then is 
made to adhere to them, and when dry, iris unalterable by 
thing but the liquors that are capable of diflolving it. Water 
*er, although it cannot diflblve it, reduces it in time to its 
al foft (late. 

ten it is dried by as ftrong heat as it can bear without being 
ipoled, fuch as that of an oven heated to bake fmall pieces of 
, it fwells extremely, fo as to occupy fifteen or twenty times 
rmer bulk, and this expanfion is caufed by aerial or other 
rs, which are rarified within it, and form many large cavities, 
is kind of baking it acquires a little more tafte and fmell, 
however, proceed only from the cruft being fcorched. Ic 
then eatable, but is tough like leather* and more incapable 
tg diluted by the fpittle than before it was baked, 
tiis glutinous matter be boiled in water, inftead of being put 
oven, it undergoes a kind of codliort, without any fwelling, 
lire* a little more folidity, lofes almoft all its tenacity, its ex- 
lity, its gluey quality* retains only about as much elafticity as 
iroom, and does not become lefs infipid or more eatable than it 
efore. The watef of the decodhon evaporated to drynefs 
no refiduuin different from that of pure water, 
en this glutinous fubftance is burnt in open air,' or diftilled 
tort, it exhibits the fame effects and the fame produ&s as 
s purely animal, and not at all like vegetable fubftances. 
a piece of this dried glutinous matter is put into the flame 
ndle, it crackles, becomes black, fwells, liquefies in fome de- 
md flames like a feather, or like a piece of horn, or glue, 
a difagreeable empyreumatic fmell exhales like that of burn- 
imal fubftances. By di (filiation in a retort, a volatile fait 
irit is obtained and a fetid empyreumatic oil, which has all 
jperries of animal oil. Laftly, the coal which is left, either 
hecombuftion or after the diftillation, does not differ in any. 
t frotrt animal coal. It i$ not more combuftible, nor more 
e of fumilhing fixed alkali by incineration, than the coal of 
I fubftances. 

r animal charadler of this glutinous part of flour, is completely 
tinted in the effects of fermentation whcn.it is kept lofr, 

; fome time longer or fhorter, according to the temperature of 
• ; and cfpecially when it has not been perfedfly freed from 
irch, as M. Beaumk juftly remarks, it acquires the fmell and 
fold Dutch Cheefe. I have feen and eaten fome of this 
i of Cheefe which Mr. Rnurlie had prepared, and which he 
ted at one of our courfes in the King’s Garden. It refem- • 
) cxadlly the cheefe of m lk, that if it had been falted, a per- 
ight ealily have been deceived by it. But it appeals that ic 
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is to Tome remains of barch that this quality is owing; for w 
the glutinous fubbance is perfectly freed from barch, and kept 
der water in a warm place, it undergoes the putrid ferments 
and acquires a fetid cadaverous fmell. It is therefore prob; 
that the mixture of a certain quantity of ftarch, which tends 
ipirituofo-acid fermentation, futpends and flops the progreis o! 
putrefaction of the gluten, and retains it at leaf! during fome 
in the llate of impel led putreiadion of decayed cheefe. We 
oblerve that when the gluten comes to this date of cheefe, it 
be diluted by faliva and is very eatable; which change is ent 
produced by fermentation. 

We have not been able to difTolve this gluten, when frefh 
means of the yolk of an egg, nor by lugar. Mr. KrJJcl-Mcytr 1 
ever, thought that thefe fubbances had fome adion upon it. 
ther oils, not fpiritof wine, nor even ether could diflblve ir. S 
of wine does however ffeparatc from it, by digedion, a fmall q 
tity of a fubdance which has the marks of a relinous oil. R 
bed fpirit of wine applied to frefh gluten in a confiderable qua 
does nor at full occalion much change; but at length, the gl 
h rendered very hard, probably by a kind of drying. It is t 
obferved, that the gluten thus hardened and dried by fpii 
wine, retains the white opake colour which it has when frelV 
foft, and does not acquire the appearance of glue which it afii 
when dried in open air. 

Liquid fixed alkali fcarcely nds upon gluten when cold, and 
probably induced Mr. KcJJel-ftlcycr to think that this folvent hs 
power upon if. But by means of boiling, we have feen this < 
lution fuccced very well. The alkaline liquor, after it has i 
upon the gluten was a little turbid, and could not be filtrated \ 
out much difficulty and very ilowly. After the filtration, we i 
rated from this folution, by means of an acid, a fenfible quanri 
gluten which had been diflolved; but this gluten did not rot 
its elafiiciry. 

All the experiments which have been hitherto made by difli 
chemibs concur in eftablilhing that the oily vegetable acid, fu< 
the cream of tartar and vinegar, are the fubbances which bed 
folvethe gluten and produce the leaf! change in it. And ir 
experiments I obferved, that this folution was eafily effedte 
vinegar dibilled or not di billed, the liquor being neverthelel 
ways turbid, fomewhat milky, and incapable of filtration, 
addition of liquid fixed alkali rendered this folution of glut* 
vinegar mo:e turbid and more milky, and the gluten l'epai 
from it in the form of feum. When thus feparated, it was fi 
to have its original elabicity and other charadteribic properties 

When this folution of gluten in vinegar is evaporated, \ 
gentle heat, without any addition, pellicles infallible in wate 
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Ily feparated, and a t rhc bottom is formed a kind of mucila- 
gelatinous and gluey matter. During (his evaporation, a 
fmell of vinegar was exhaled. As this combination of glureu 
negar is turbid, probably part of the gluten is imperfectly 
d, and it is alfo probable, that this is the part which fepa- 
i form of pellicles during the evaporation, while the part 
combined with the acid, is found under the form of the 
'inous matter which occupies the bottom, 
e&ing rhe aflion of rtiineral acids uport the gluten, we 
d a difference between our experiments and thole of Mr. 
foyer. This author fa^s, that thefe acids do not diffolve 
ten 5 Whereas we obferved, that the three mineral acids, 
icentrated date, aCted with efficacy upon this matter, whe- 
was freffi or dried. The refult of the repeated experiments 

Ylr. has made upon this fubjCCt, was, that the nitrous 

ed more quickly, and produced more effervefcerice than the 
: or marine, that the folution in nitrous acid was of a deep 
colour ; that the folution in the vitriolic aCid was of a dark 
:olour ; and that the folution in the marine acid^ was of a 
>wn, with a violet hue. I (hall nor relate here the detail 

many fnterefting experiments which Mr. has made 

ifcfe combinations of mineral acids with gluten, but (half 
iat‘ to hiinfelf ro communicate. I (hall only obferve, that 
efe experiments, there is reafon to believe, that when the* 
rated mineral acids diffolve the gluten, they decompofe at 
>art of ir. This' conjecture is confirmed by the observation, ‘ 
thefe combinations, a certain quantity of ah oily lubdance 
rays feparated, which had the fmell and confidence of fat 
t had been expofed to the aCtion of mineral acids ; and alfo 
ermany folutions in tvater, or in fpirit of wine, filtrations, 
ns, and evaporations in open air, many of which* were : 

ed during fome years, Mr. obtained at lad, without 

p of fire, from the nitrous folution, a nitrous ammoniacal* 
d from the folution in marine acid, a marine ammoniacal 
>f the exidence and nature of which ammoniacal fairs we 
i ourfelves by the mod decilive proofs, fome of which were 
□ company with Meflrs. D'Arcel and Rou'rlk . From thefe 
nents, we learn this important piece of knowledge, that, 
;h by the application of fixed alkali to frefh giuren, we 
ot fenfible of any difengagemer.t of volatile alkali, it is ne- 
efs certain, that this volatile alkali does exid ready formed 
gluten, and ought to be confidered as one of its condiment 
Is it not the fame cafe with the volatile alkali which is 
d by didillarion, or by pUtrefaCflon from animal matters, 
hich the glutinous part of flour has, as we have feen, lb 
a refembknee ? This can be known only by a feries of ex- 
^ 2 perimenu. 
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perimcnts, fimllar to thofe which Mr. has ma< 

gluten, and which he has begun to make on animal n 
prefent we fhull confine ourfelves to the new analyfis o 
lhall proceed to relate what has been dilcovered concert 
ture and properties of its other parts, of which the m< 
able is the white mucilaginous fecule, known under 
ot JlarJj . 

We have feen, that in order to obtain the glutinous 
necefiary to w f alh in much water, the crude and recent pi 
1 his walhing feparates from it the (larch which is did 
iulpended in cold water, without being difiolved in 
that realon gives to the water a white opake milky 
while it remains thus fufpended. But as it is fpecific: 
than water, it gradually fubfides, and forms a whii 
which is Jlarcb. But it is very necefiary to temark, th 

has afcertained by experiments, this llarch whi 

before any fermentation has happened, is greyifh, : 
wants that glofiy whirenefs of the (larch that is fold b) 
ta&urers, who allow the liquor to undergo the acid fe 
and even fome degree of put relation, before they < 
llarch. Alter the liquor has thus fermented, the h 
which fubiides firft, is the whited and bell (larch, 
manufacturers feparate carelully the upper part of th 
which they let afide as not being fit for fale. The fed 
to this is the common (larch, and that part u'hich is at 
of the vefiel is the llarch of the bell quality. 

Mr. has imitated thefe operations. He left a 

water w hich had been employed to walh the pade to 
the fermentation which it could. It became very lou 
lurlace a mouldy crud was formed, in which were m: 
tions of different colours, but particularly of fever; 
green. The upper part of the fediment w hich was fo 
bottom ol this liquor was of a dirty grey colour, but 
part was very white, and after it had been carefully col! 
walked and dried in open air, it was found to be < 
white, neither acid nor alkaline, inlipid, not capable 
a binding pade with water, as dour does ; in a word 
the darch commonly fold. 

It follows from thefe properties of the feculent part < 
the flour, that independently of its not being foluble 
ter, it is not even rendered foluble by means of fermen 
remains unchanged in a liquor, in which the acid ar 
mouldy fermentations pafs through their feveral degr< 
follows Irom thefe experiments, b ird, That the ferment 
the white milky water with which flour pade has been 
dagoes, is not ow ing cither to the glutinous matter, li 
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water, nor to the ftarch, fince it is found to be unchanged 
s fermentation. In order to find what fubftance caufed thfe 

station, Mr. evaporated with a gentle hear, a fuffi- 

juantity of this water with which the waftiings had been per- 
i, after it had depofited its fediments, and before its fer- 
tion had begun ; and he obferved that the refiduum of this 
*ation was a matter of a yellowifti. brown colour, vifcid, gluey, 
tafte very (lightly faccharine, which in combuftion and in 
non prefented the fame produces and effefts as fugar does, 

bich Mr. calls properly a mucofo-faccharine matter. 

thefe important fa£ls (hew fufficiently the caufe of the dif- 
es obferved between the different fediments of (larch, and 
afonsof the obfervations ufed by the manufa£lurers of that 
>dity, For we may eafily conceive that the (larch which 
is before the fermentation, draws down along with it a part 
mucofo-faccharine matter, which adheres to it by means of 
:idity, and depraves its colour; whereas the ftarch which 
ofited after fermentation, by which the mucous faccharine • 

* is attenuated and deftroyed, ought to fubfide more readily 
quor deprived of its vifcidity, and become purer and whiter, 

!e the colouring heterogeneous matter has loft that vifcidity, 
:ans of which it adhered to the (larch before fermenta- 

reover, as (larch is thebafis and predominant part of floury 
very important to know what kind of bread could be made 
: two kinds of ftarch which I have mentioned, namely, the 

nd white. Accordingly Mr, has made this experiment. 

>aker who was employed in making this bread, obferved that 
(larches could not make a binding and tough dough, like 
lade with flour, that the dough thus made by ftarch, could 
ly be kneaded, was apt to fplit, that it was almoft impof- 
o form it into cohering loaves, and that notwithftanding the 
of which he added a confiderable quantity, it did not fwell 
r fo much as the dough of flour does. The quality of thefe 
, after they had been baked, was found to be fuch as might 
peeled. Their tafte, excepting a little bitternefs which arofc 
the yeaft, was not difagreeable nor very different from that of 
iry bread, but the cruft of thefe loaves was much cracked ; 
bad rifen much lefs, and wanted the lightnefs and fponginefs 
iinary bread ; but were on the contrary, hard and dry, which 
red their maftication more difficult ; and all thefe faults 
more conspicuous in the loaf made with white ftarch, than in 
aade with the grey ftarch. . 

ben the bed ftarch that is fold, is expofed to diftillation in a 
, it yields nothing but an oily, empyrcumatic, brown acid 
E 3 fpirir t 
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Spirit, qnd an empyrcumatic oil which i* very tbfek towards the 
end of tbe operation. 

The difference between the produ&s of (larch and of the 
glutinous tDatter is, that the Utter does only yield tbe ptodufts 
of fubftances perfectly animalized, whereas the llarch yields only 
tbe principles of vegetable matters. M. Ro^dk obferves, that the 
eropyreumatic oil of ftarch is heavy, while that of the glutinous 
jnatter is fo light, that it lwims upon the volatile alkaline liquor. 

When the entire flour of wheat, or bread made of this flour, 

was diftillcd, in. a retort, by Mr. , nothing was obtained, 

hut a feline oily fpirit, which contained an acid and an empvrcu- 
raatic oil. The volatile alkali of the gluten did not appear io ihdc 
analytes, becaufe it was combined with the predominant acid ci 
the fl^treh. But by adding to the prpduft of thcle difti liar ions, * 
fufficiept quantity pf fixed alkali to faturaie all the acid, ob- 
tained this volatjlp alkali by a new dilliliation of the mixture, 
and it is remarkable, that it appeared to be lets in quantity in. tbe 
produ&s of the diilillatipn of bread, than of flour. 

Tfle refu|t of all this inquiry into the nature of flour, is that 
jhis matter is qpt homogeneous, and that it contains three Ihb- 
Ranees very diftin# and fepa table from each other. 

The flrft arpi the mofi abundant is pure ftarch, or a white feoile, 
infoluble in cold warer, foluble in hot water, and of the nature of 
pnucous fubftances, which, when diflblved, form watery glue*- 
This matter is then fufceptible of fennentatipps, eipecially cUofip 
of tfle acid and mouldy kinds ; and it yields, when analyfed, u 
acid fpirir* and an heavy empyreu raatic ayid oij. 

The fpcond fubftance is the gluten, whofe properties have been 
deferibed, a Angular matter, which although ipdifioloble in cold 
Water and in hot water, and capable of adhering (Irongly as re fin* 
do to all bodies that arc not wet, has not however any of* the 
other properties of refins, and other concrete oily fubftances, and 
feems to approach to the nature pf gums in the refinance it makes 
to the affion of fpirir of wine, oils, faponaceous meoftruunu, 
and ether, as well as by the property which it has to fprra a glue. 
JJut it is not a gum, as appears from its infolubiliry in water, and 
from the principles obtained from it by dilliliation, svhicb arc 
different from thofe which gums yield. As thefe principles art 
CxaJfly the fame as thofe obtained by analyfing animal fublboccs, 
and as the effects of the ferraentatioo, of which it is fufceptible, arc 
analogous to thofe which are produced by' animal matters, it is 
to this kind of compounds that we ought to refer this fubftsccr. 
Atp°ng all animal matters, cheefe is that to which this glutinous 
fubllance is mo ft limilar. 

Lallly, the third fubftance which is obferved in flour, UroiU, 
perfectly foluble in cold water, of the nature of laccharine rx- 

tfidive 
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Sire mucous matters, and fufceptible of the fpirltuous fermen- 
on. This latter fubfyance is found in a (mall quantity in flour v 
eaft in that of wheat ; for it is very pofhbie that a larger quail- 
’ may exid in the flour of other grains. 

rherecan be no doubt but that it is from the union and juft propor- 
lof tbefe three conftituent parts of the flour of wheat, that the fu«? 
iority of this flour depends over all others for making bread, that 
igbt, agreeable, and falutary. For it is proved by the experi- 

us of Mr -on the bread made \yith ftarch, that even 

flour of wheat yields a very inferior kind of bread, when it has 
n deprived of its glutinous matter, and a dill worfe bread, 
so deprived of its iqiicofo-faccharine part, 
t is alfo certain, that the flour of all the other grains of which 
ad not fo good as the bread of wheat-flour can be made, either 
tains lefs or none of the gluten; for experiments have (hewn, 
tby treating, thefe different kinds of flour in the fame manner 
has been mentioned of wheat-flour, no feniible quantity of 
tinous matter can be feparated ; and thefe observations fecin 
iemonflrate that it is to this fuhflance of animal nature that the 
ir of wheat owes its property of making the mod excellent 
ad. 

t has been confidered whether this gluten be nutritive, and 
le chequds are of opinion that it is not. Hut this opinion mud 
e arifen from want of due attention to the nature of this fub- 
ice. For fince it is perfectly fimilar to animal matters, why 
old it not be capable Qf aourifhing as well as they It is true, 
t when the gluten is pure, and feparated from the other parts of 
ir, and when it has not undergone any fermentation, its glutinous 
ility and extreme tenacity would render it a very unhealthy, and 
tod indigedible aliment : But the cafe is otberwife, when it is 
ided in infinitely fine parts throughout the whole fybdance of 
flour, and when thefe parts are feparated from each other by 
; interpolation of thofe of the amilaceous and mucolb-facchaiine 

►dances of the dour. For Mr. found by experiments, 

it the glutinous matter is contained in an infinitely lei's quantity 
the bran. This gluten is fo foluble in this date of divifion and 
tribution, which is its natural date, that the mere degree of heat 
baking, or even the flight fermentation of dough, are fufjicient 
:ombine the glutinous with the amilaceous parts of ihe flour, fo that 
5y cannot be afterwards feparated. When flour is boiled in milk, 
in water, in order to make book-binder’s pade, the gluten cannot 
any longer extracted from it; neither can it be feparated fiom 
leavened bread, or even from dough which has but begun to 
ment, though not baked, and dill more from bread fermented 
d baked. Several of thefe trials have been made by Mefl'rs. 
ccari t KeJfcUMy<r x and other chemids. Wc have repeated all 
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of them with great care, fo that it may he confidered 
flrated truth, that baking and fermentation tender tl 
and mueofo-faccharine parts ot Hour capable of perfe<! 
its gluten. 

Such are the late difeoveries which we owe to tl 
philofopbers above-mentioned concerning t lie conftiti 
Hour. They are certainly very interclling in themfeh 
they nor become much more fo, it it werw jx>ibble t< 
to an ohjed of fo great pontequence as bread i* ? Floi 
not the only one, as is well known, of which bread is 
the breads of other ulterior grains, although perhaps 
nourifhing as that of wheat, are conte iiedly nor to got 
digefiiole ; and as they are cheaper, they are ahnofith 
our peafant.’. How great then wouid be the advantage i 
could t m*:::ur<ocd without much additional expence, 
any method ot edVding ui. , the knowledge which vye 
acqu'ied on the nature of hour, and an accurate enqi 
the orher farinaceous matters, are certainly the moil pr 
on which we ought to proceed. The gluten of wbea 
doe., nut exilt, or in very fmall quantity, in the 
5s it not the principal caufe of the difference in quality 
feveral kinds of bread, for the greater or Ids’ whit 
client iu I ly ailed their properties ? On the other fide, 
ticn and nature of gluten are pertedtly known. Its 
rafter being thus atccrtained, leems to indicate that a 
to it may be fubllitutcd at a low price, among anim 
fuch as the caieous part of milk, jellies or glues o! 
bones, cartilages, tendons, &c. or even certain vegetab 
bages, and turneps, which yield by analyfis the fame 
animal matters. Mow many experiments and refea 
yet to be made on this fubjed ? 

I\I. larmentier has particularly applied his attention f 
and frequently communicates to the Academy of Sci 
fult of his inquiries, which are not unfuccefsful. In 
ot this cheinift, which are not yet all publifhed, w< 
has particularly examined the amilaceous part of Hour, 
well remarks that this fubllance, which he juflly cond 
very nouriOiing, is much lets fufeeptible of alteration 
tion, than the other pairs ot flour. It is certain, / 1 h 
makers extract ealily from fpoi It com or flour, as g 
they could from the belt flour. And we are indebted 
men tier for his endeavours to make ufeh.il application* 
Without having any knowledge ot the experiment’s of 
at which I all. lied ; Mr. Par merit hr made fimilar expc 
objed of which was to And out what kind of bread m 
from ilarch alone, and then to diicovtr what fubllau 
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of giving to this infipid, and heavy bread, the good qualities 
ich it wants. The experiments of M. Parmenticr have (hewn, 
hat from potatoes, made into pade with yead and a little fair, a 
»read may be formed, which he fays is excellent, wholefome, 
ery nourifhing, and .which in timesoffcarcity maybefublVitured 
bread of wheat, rye, barley or oats.” This is a valuable fatt. 
is of importance to know that with the (larch obtained from 
ilt grains and flour, and which may be preferved very long wirh- 
any alteration, it is poffible to make a bread light and well* 
ed. I, and alfo feveral other members of the Academy, have 
of this bread made from (larch by M. P armentib' s procefs, and 
•und it to be fufticiently well raifed, and of an agreeable ralle at 
, but afterwards I perceived a bitternefs, which it is to be wilh- 
rould be removed. The knowledge we have already acquired on 
nature of wheat -flour, atid of its conftituent parts, gives room 
iopc that we may be able to carry this bread of (larch, and that 
he interior grains, to the highed degree of perfection. This 
wledgc is at prefent fo far advanced, that we may conflder the 
blem as already refolved. All the world agrees that the fuperi- 
y of bread of wheat-flour is owing to the gluten, theanimal nature 
rhich is afeertained. Analogous, and equivalent fub fiances, are 
id abundantly in the animal kingdom, and even among fome 
rtables. Mr. Parmenticr has already met with a mat:cr in po- 
e9, which in a certain degree may fupply the place of the 
en. But are potatoes the bed of all the fubflitutes that can be 
ad? We ought not to admit that they are the bed, till accu- 
experiments have been made with other animal and vegetable 
[lances, whofe analyfis may (hew the mod perfect refemblance 
b the glutinous matter of the flour of wheat. The extent of 
fe experiments is undoubtedly great, but the refearch is highly 
►ortant; for when the bed fubditute for the gluten is once af- 
ained, we (hall be able to make bread as perfect as that of 
:at-flour, with all the other kinds of flour. 

IRE. Chemids conflder fire, as alfo the other elements, in 
• very different views : fird, as it enters into the compoficion 
nany bodies, in which it is a principal or conflituent part ; and 
>ndly, as being pure, free, not entering into any compound, 
a6ting fenfibly and drongly upon all natural bodies, and pro- 
ing effefls as a powerful agent in all chemical operations. In 
latter point of view \Ve (hall conflder fire in this article. It 
I be confidered as a principle under the article PHLO- 
STON. 

W, free, and uncombined fire feems to be a collection of par* 
?s of a very fubtle matter ; and all the properties of this eic- 
rtlhewthat its particles arc infinitely fmall, have no fenfible 
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adhefion to each other, and that they are continually agitated by a 
very rapid motion. 

From this definition, fire appears to be a body efiemialiy fluid, 
and many fafb concur to prove that it is the only body efibntiatty 
fluid, consequently the caufe of the fluidity of other bodies ; and 
that as it alone counterbalances the general tendency of all the 
other parts of matter towards each other, it prevents them fron 
uniting into one immenfc mala, homogeneous, and aa bard as 
matter can be. 

It is difficult to conceive this eilential fluidity of fire, this inco- 
herence of its*integrant parts, and the rapidity or their move- 
ments, by which fire is excluded from the clafs of aggregate fub- 
fiances, and is therefore different from ail other kinds of matter, i 
For the parts of all aggregate bodies evidently yield to general . 
gravitation, and unite together with more or iefs force, whereas j 
the parts of fire feera to avoid each other, and are repelled with ' 
the greateff violence. j 

This mode of exifience of fire, which is indicated by all that 1 
we know of its effects, and of its properties, cannot be comprc- 1 
hended according to the hypotheiia of attra&ion ; unlefs we fup- i 
pofe, as a well-known geometrician thinks he has found by caicu- 1 
lation, that attraflion does only afl within certain limits of proxi- 1 
inity, beyond which it becomes negative, and is changed intq _ 
repulfion ; or by faying, with the Count de Buffon , the pans of 1 
fire arc endowed with much greater dafliciry than thofc of all 
other bodies, whence it happens, that when they move towards 
each other, by the attractive furce common to all matter, and 
pome iuto contafl, inftead of uniting and adhering together, ac- 
cording to the common law, they rebound from each other by 
means of their perfect eladicity, and are repelled ip a contnry 
direction, and with a force equal to that which Mr. B*fe* calls 
expan five force, and which, although it is produced by the at- 
tractive force, does neverthelefs dcflroy or rpthcr continually refit* 
the effe&s of this latter force, and becomes an antagonid peedfinj 
to continue the motion of the parts of matter. 

Thefe two ideas appear to me to be equally confident with the 
nature of fire, and when they eltablifh a force capable of counter- 
balancing the force, or rather, the direction, of attradion, they 
may both lerve to explain in a fatisfa&ory manner, the great efcctt 
which fire does inccflantly produce in uature. 

The mod obvious of thefe cffeCfs, are the exciting in us the 
fenfations of heat and light. From thefe alone, mankind in ge- 
neral judge of the prefence or abfence of fi«e, fo that nothing but 
what heats and gives light, is commonly thought to be fire. But 
it is nccelfary that natural philofophy and chemidry ibo&hl cm- 
i .,i.c the matter a little more profoundly. Unhappily this cm- 
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ation U attended with great difficulties. Of thefe, the princi- 
s, that when we come to examine all the known c 8 e£ of 
and to compare them, we find it difficult to decide whtii icr 
beat and light belong to one and the fame fu bilance, or to rwo 
od fub dances. Strong reafons are alledged for and ag . 
of thefe opinions. As a very intenfe light is always acc< m- 
ed with beat, and as a body intenfely heated is always lu ;n- 
it might feem that there is but one fubilance, whole different 
e* of exigence excite in us the fenfations of heat and li 
on the other fide, thefe two fenfations do not accompany 
r with equal degrees of intenfiry. Sometimes bodies beared 
confiderable degree emit no fenfible light, while other bo. :ics 
uminous, although not hotter than the ambient bodies, 
nee, boiling water is very hot, and yet gives no light: 
le the moon, and phofphoric bodies feem to be very lum <1- 
aitbough they difcover no hear. Thefe rcafons are li 
igh to make us prefume that the two fenfations are excife~ I 
didiad matters, dependant however on each other, 
at among the effeds of fire in adion, there are others, whic h 
y opinion, allow us ffill lefs to contound light with 
ely, thofe that (hew that they ad very differently on be 5. 
certain that no bodies are impenetrable to heat, whereas 
t rates thofe only which are known to be tranfparenr, ami is 
fled more or lefs completely by all the 01 hers. But two b< i 
h fo differently affed certain other bodies, are necefl . 
id, and we fhall therefore confider them as different, as . e- 
ood philofophers, particularly the Count de Eujj'on have cone, 
otv that it may be faid, that heat and light may be the 
ance differently modified ; that fire itleif, with all its pre 
is nothing but the mode of exigence of any matter ; 

», water, air, in a word, all marerial fubftances may be. 
and a)fo that fire may be changed into earth, air, Av. 
thus all the elements are tranfmurable into each orher. 

Ability of thefe tranfmutations cannot indeed he proved, 
iwc want, and always fhall want the knowledge r.ccelu 
ie of what matter is, or is not fufceptib’.e. Eut the true 0 
atural philofopby is not to difeover what may be, bur 
id we can only confider as cxi fling, fhafe tb : ngs n 
ence is proved. But, this franfmurab •l tty <*» 1 luuii.t 

each other, not only, is not proved, h it n Let can 
ced 10 render it probable. It would therefore be io vai 
der too vague ideas, and I only mention them in this p 
ufe they every now and then are brought up even in mo... 
ngs. I return to the afcercained effects of heat and iigh:. 
s thefe effe&s are different, it follows, as I have laid, chat 
ight are not the fame thing ; but arecseh of them a iV r 
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exifting feparately and didin& not only from each other, but aHo 
from all other material fubdances ? this is another queflion which 
is not eafily rcfolved, the nature of fire is too little known to give 
us hopes that we can have clear ideas upon this fubjefh All that 
we can pretend to do, is to propofe fome conjedures from well 
known and certain fads. 

It is to be obferved, that this latter queftion does not feem to 
concern light. We cannot really doubt that this being, by meins 
of which we fee whatever may be feen, and without which we 
cannot fee any thing, is a fubdance diftind from all others, fince 
it is the only one capab’e of rendering bodies vifible. We know 
nlfo from the mod decifive experiments, that it has a progreffive 
motion, whofe diredion is in a draight line, and whofe velocity 
is enormous, of about eighty thoufand leagues in a fecond. It is 
known to be perfedly eladic, fince it is refleded from bodies at 
an angle equal to the angle of its incidence. It is known to be 
indeded when it pafles very near bodies, that it is refraded when 
it pafles from one medium into another of a different denftty, which 
proceeds from its being fubjed like other matter to the law of at- 
traction. New/on has (hewn that light is not a fimple fubdance, 
but that it is compounded of feveral fubflances, all which have the 
fluidity, velocity, elafticity, and refrangibiliry of light, but which 
do not pofTefsthefe qualities, at lead, the refrangibiliry in the fame 
degree. Whence it happens, that when it is made to refled, 
in fed, and refrad, it is decompofed, and feparated into its Con* 
flituent parts, which then appear to be fo many diflind and dif- 
ferently coloured rays. Laflly, chemifls have proved by many 
experiments, (as is (hewn at the article Fbio^lflon^) that this fub- 
dance does adually enter as a condituent part into the compofition 
of a very great number of mixts, from mod of which it may be 
ai rn‘in feparated, and combined with other mixts. But, a being 
whole motion we know, whofe velocity we calculate, whofe di- 
ction can be changed, which can be colleded or difperfed, whofe 
con flit uent parts can be feparated or united, which enters into 
compounds, and from which it may be feparated, n very certain- 
j v a real fubdance, and which ought to be didinguilhed from all 
other fub dances, by its peculiar qualities, which no other kind 
of matter policies, 

Tn thife rtlpeds, brat is very different from light. We can- 
pot fo calilv decide, whether it be alfo a peculiar kind of matter, 
)n\inr the cxdulive property < f exciting the fenfation of bet, as 
j v q lt has of rendering objeds viiiblc, or if it be only a modifica- 
finu. 2 mode of exidencc, of which all material tub dances are 
f.drptiblc without diltinCtion, when they are afleCtid iuaceruin 
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be principal phenomena of heat confift, firft, in this, that the 
a which are more or lefs penetrated by it, excite in its, when 
ouch them mediately, or immediately, fenl'ations which wc 
leat, burning, which are agreeable or painful, according to 
ftrength and the real (late of our bodies, 
condly, the bulk of all bodies augments in proportion as they 
enetrated with more heat ; but fome bodies are more affected 
is manner than others, according to their nature, 
tirdly, heat does not a£t as light does, in refpelt to the pene- 
m or tranfraiffion through bodies. There are many bodies 
igh which light cannot pafs, namely, tbofe which arc opake 
e is alfo a great part of the light which falls on the mod tranf- 
lt fubftances, that is reflected, or fuffers, in its paflage through 
rs, fo many refinances and deviations, that it lofes its motion at 
h, and ceafes to affect us as light does. But heat penetrates 
>dies, opake or tranfparent, and is not reflected. It is true that 
aftic and heated matter falling upon a body is reflected, and if 
matter happens to be invifible like air, it might be thought 
the heat itfelf was reflected, but this is an error, as I am in- 
d to believe, from the following confideration. 

•urthly, heat is diliribured and divided equally among all 
es equally expofed to it, however different thefe bodies may be 
her refpefls, folid, or fluid ; hard or foft, denfe or rare, opak 
anfparent, inflammable or uninflammable, &c. When ex- 
i to the fame degree of heat and in the fame place, thefe 
rent bodies become equally heated, as the thermometer (hews ; 
>ugh fome arrive fooner than others at this equilibrium of heat, 
veral authors, efpecially Dr. Franklin^ have obferved, but this 
rence is not very confiderable. But I fay that this equilibrium 
d not take place, if heat could only, like light, pafs through 
tin bodies, and were reflected from all others, for the fame 
>ns that bodies of different textures, expofed to the fame light, 
rot, and cannot be equally luminous. 

iftbly, the progrefs of heat is not quite equal in different 
iums. It moves with lefs velocity through denfe than rare 
iums, and is always infinitely lefs rapid than light. It is not 
rptibleof decompofition, inflexion or deviation. It’s progrefs 
rrfe&ly uniform, and not to be diverted, 
xthly, heat diminifties the fpeciflc gravity of all bodies, becaufe 
ncreafes their bulk. But I believe that no change is thereb 
luced in the abfolute weight of bodies. I know that it is pre- 
ed by fome, that bodies acquire fome fmall degree of weight 
*ing heated, but the experiments alledged in fupport of this 
Kjfition do not prove it ; lirft, becaufe feveral others aftirni that 
r experiments were not attended with the fame refulr, and 
ndly, becaufe thefe experiments cannot be truly made, as all 
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the bodies which we know of are capable of receiving changes and 
alteration, lofs of fubftance and accretion of foreign matter, by 
being expofed to ftrong heat ; all which circumftances falfify the 
refults. 

Seventhly, as it is certain that all bodies, when they cool, re- 
cover the fame temperature which they had before they were 
heated, and that they' do not acquire a greater difpofition to be heated 
again, it follows that they do not retain any of the heat acquired ) 
that heat, in a word, is capabe offeparating from bodies as well as 
of penetrating them, without incorporating with them in aoy 
manner, whereas light ifc capable of combining with bodies. 

It appears to me that we muff conclude from thefe farts, that 
heat is fomething entirely different from light, and that it is not 
even a material fubftance, as light is, diftinguiftied by peculiar pro- 
perties. In faCt, if heat were a matter, fince all matter is effeo- 
tially impenetrable, it Would be impoffible to conceive that the } 

parts of this heat, however fmall they may be, (hould not meet : 
with fome obftacle, (hould not fuffer fome reflection, fome devia- 
tion from the elementary particles of bodies ; that they (hould pene- | 
trate thefe particles, or ultimate atoms, which mufl be without I 

pores* and perfectly denfe. And this foie conflderation appears j 

to me to prove that heat is not a fubftance, but is merely a parti- 
cular date, or mode of exiftence, of which all material fubflancc is 
fufceptible, without any change of the nature of fuch fubftance. 
if we may be indulged in forming conjectures in rhis obfeure 
fubjeCt, I (hould propofe the following ideas, to which however I 
fix no claim, not even that of novelty *, and which I am ready to 
relinqui(h to adopt any other that may appear more fatisfa&ory and 
confident with the phenomena of fire. 

If it be true that all the parts of matter tend to each other, by 
means of universal attraction, or any other force, we cannot doubt 
that the elementary and aggregant parts of bodies are fo placed in 
relation to each other, that this tendency (hall be fatisfied as much 
as their configuration, their maffes, and the aCfion of furrounding 
bodies will permit. 

On the other fide, it is univerfally admitted that tbe moft denfe 
aggregates contain many pores or vacuities, and even more of thefe 
than of folid particles ; and it therefore follows that the elementary 
and aggregant parts of all bodies, even the moft denfe and bard, 
have room enough to move, and that in faCl they cannot fail to 
move, whenever they receive fome tmpulfe or (hock, whofe force 
is luperior to that of the attra&ion by which they arc held in tbeir 
prefent po fit ion. 

r Bor, 

# Bare* hid the fame idea. It is alfo the opinion of fcveral modern 
pbilofophers. But I do not know that any have explains! it luffruutb- 
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ut, if this be the cafe, it is evident that nofottd body can fuffer 
ions or percuffions, without a proportionable deraugement of 
>arrs. But as thefe parts are fubjed to another force which tends 
eep them in their proper fituation, they mud return or ap- 
ich to it as nearly as they can, after the motion imprefled by 
percuffion ceales or diminifhes, and this alternative being kept 
>y the continuation of fridions or of percuffions, an inteftine 
ement of ofcillarions and vibrations jn all tbe minute parrs of 
body rubbed or ftruck neceflarily follows, and this movement 
> much the Wronger, as thefe ofci Nations are tbe more rapid, 
it feems that this inteftine motion is fufficient to produce in 
bodies the (late which we call heat, and to give a fatisfadory 
an for all the eflfeds of which this heat is the caufe, as we 
i fee from the following remarks. 

• If heat adually con lifts in this inteftine motion of the parts 
odies, every body which fufiers fridions and percuffions ought 
e proportions bly heated. Accordingly this is confirmed by ex- 
ence, fince it is certain that all bodies become fo much hotter 
bey are rubbed or ftruck with more force and celerity. 

. Heat dilates bodies more or lefs alfo, according to their na- 
, and in proportion to its intenfity. This effed ought necefla- 
to take place, if heat conlifts in tbe (baking and vibration of 
parts of bodies. For thefe parts cannot move without a refpec- 
ebange of place, and confequently without ceafing to be as 
iguous to each other, as they were before they had acquired 
motion. 

, The abfolute weight of bodio6 is not augmented by hear, 
rever great, and it cannot indeed be augmented, fince it is pro- 
ed only by the motion of the parts of the heated body, without 
introdudion of any new matter into this body. 

. Heat is not refieded, for it is not poffible that any thing but 
laterial fubftance, as light is, can be refieded ; for heat being 
y a mode ofcxiftence of a material fubftance, it cannot be tbere- 
! refieded, although heated bodies may. 

The heat of bodies is communicated to furrounding and con- 
lous bodies, is divided equally among them* and is reduced to a 
d of equilibrium. But this effed ought neceflarily to take place, if 
t be nothing elfe than the motion of the parts of bodies. In this 
tance we only obferve the general law of the communication of 
tion, which is always diftributed with equality and equilibrium 
ong all the bodies which move and ftrike each other. 

). It is impoflible that heat (hould be fixed in any body, and 
ttrience (hews that in fad it never is fixed. The fame explica- 
te is here applicable. Nothing can be united t<*. fubftanccs but 
er fubftances. But by the fuppofition, heat is not a fubftance, 
articular matter, which poflefles in a peculiar manner -a hot qua- 
lity. 
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lit)'. If therefore cannot be fixed in any body ; arid according 
bodies are only hot when ex poled to caules productive of heat, fc.vh 
as frictions and collilions, which put in motion their elementary 
and aggregant parts; and their heat diminifhes and ceafes always 
in proportion as thefc caufes diminilh and ceale to act. 

7. 'I he light winch f.dis upon bodies hears them lb much more 
as it is more iutcnfe, and this is a nccelfary edict of its nature and 
violent motion. Light is a material l’ubliance, its parts me indeed 
io lmall that they can pals through the pores of all tranfparer.c 
bodies. But the denic particles or thole bodies are not pervious 
to light, which can only llrike upon thei’e particles and be reflected. * 
And when weconlider the prodigious velocity ol the parrs of light, 
we mud perceive that they mull firike t he bodies on which they 
fail w ith great violence, notwithflanding they arc fo min ore, and 
that when concentrated, as in the locus of a burning giais, they 
may agitate inltantly the parts ot bodies to which they arc applied, 
to Inch a degree as to produce the mofl violent hear that is known. 

S. All bodies heated to a certain degree by colli lions, even by 
thole which are different from thole of light, become ncvcrthelels 
ardent and luminous in proportion to their hear. This is certainly 
a very tem:ukable c fie Cl. To explain it we muft obferye, that 
light it lV 1 f is not vilible, or fenilble blit when it is darted from bo- 
dies directly to our eyes; otherwile it makes no imprcllion on u?, 
fo that we do nor io much as fufpedt its piefcnce. For this reafon 
it is, that we do not fee light during night, although excepting 
the fmall cones of the fhades of the earth and other planets, the 
whole extent of the fphere of the fun is as much filled with the 
light of this luminary during night as day. This proceeds from 
the light not being directed towards our eyes, and therefore no 
other parr ot it is vilible but that which lading upon bodies capable 
of reflecting it, fuch as the moon and other planets is darted towards 
our eyes by this icllcClion. Fur the fame realon, we do rot ice 
the focus of a burning glafs it then docs not tall upon a body, 
although there is incomparably more light in this focus than in the 
furrounding fpace. For when we place in this focus a body capa- 
ble ot relieving the light to our eyes, it then becomes very lenl> 
bie, and dazzling to our fight. This being the cafe, it is evident 
that it a body pa lies from a flare which dues not pet mi: it to date 
towards our eyes the furrounding light, to another date which ren- 
ders it capable ot producing that etiecl, this body from heii.g not 
luminous at full, will appear, and really become lo much more 
luminous as its new date render^ it more fit to dart to cur eves 2 
gieater cptantity of light, and with more rapidity. But this is 
precilcly u hat happens to cold bodies when they contract irich 
beat by tiiClion or pctcefla m. Brit re they weie beared, r be 1 c 
elementary ai d aggiegaut puts Hue at nil, 01 at lead hail h't 
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motion ; but as foon as they enter into violent vibrations, as they 
npervious to light, they necefl'arily ftrike with violence the 
of light which are contiguous to them, and dart them on all 
Hence thefa bodies become (hining like fo many l'mall 
according to the intenfiry of their hear. 
m the two lad articles, (No. 7 and S) we fee how heat and 
mutually excite, or rather render each other fenlible, although 
ife the latter be a particular material fubftance, while the 
x is a modification which may belong to any matter. If we 
re in ccrrain bodies, and in certain circumflances a very fen- 
iegree of heat, while thefe bodies do not appear to us more 
ous than other bodies that are lefs heated, the reafon is, that 
cannot make a fenlible imprellion on our eyes, unlefe it be di- 
i and darted towards then) with more force and velocity than 
e communicated by the collifion of the particles of bodies, 

1 have but little motion. The velocity of light ought certainly 
proportionable to the fenfibiliry and irritability of our organs, 
annot doubt hut there are degrees of light which we do not 
ive, but which might be perceived by animals whofe eyes were 
than ours. It is even very probable, that if many men were 
k in the dark at bodies fo heated, as not to appear luminous 
ft of them, fome of them might neverthelels be able to dif* 
ilh thefe bodies. This experiment has not I believe been 
, but it certainly deferves to be. The fame mdy be faid of 
n bodies which give more light than others without being 
heated. It is probably owing to our thermometers not being 
cntly fenfible, that we cannot difeover the greater hear of 
bodies which are (lightly luminous (for it is thefe only tha$ 

1 this cafe) over thofe which are not luminous, 
light further add here many other confiderations on the pro- 
wl of the effetfb of light with thofe of hear, which fcveral 
:ular circum (lances might make appear unequal, although it 
verthelcfs always the fame. It is very pollible, forinltance, 
>f two bodjes of equal bulk and equal heat, heated to the fame 
e, and which confequently dart the fame quantity of light, and 
the fame velocity, one may appear much more luminous than 
►ther. For this difference may be produced by one body 
»g parallel or ctmvergentrays, while the rays of the other body 
ge. But thefe explanations of the phenomena of heal and of 
, and many others which naturally occur, would lead me too 
I (hall only add here a reflexion which is a confequence of 
beory which I have explained on the nature of light, which 
at if it confiftsonly in the vibrations of the elementary parts 
dies, by whatever means they are put in motion, it follows 
:he parts of no body are ever in a llate of per fed red ; or at 
>’• . perfect reft wguld be accompanied with abfolure 
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cold, which probably does not exill in nature, on account of the I 
motion of light, and thecondant action of bodies upon each other. ' 

We fee from what has been faid on the nature and cibcti 
of light and heat, that what w e call diflnga^rd or aciiic fac % 
is nothingelfe than the refult of the motion of light, and alio 
of the motion of the particles of all bodies, occaliored either 
by the impulle of light, or by fome other impulfe, and that this 
motion is communicated to the light which it darts in all directions. 
Thus two cauil‘3 may produce the effects of active fire, namely, 
iirll, the impulle of light, and efpecialiy when this is politHed of 
its greatell velocity and intenfity, as it is in the focus of a burning 
lens or mirror : Secondly, the li ictions, pcrculllons and ci ii. tiers 
of bodies. The phenomena of active fire are always fo much the 
more fenfiblc as thefe two caules act more llrongly : They d : mi- 
ll i Fn when they ad with lefs force, and they ceai’e when the caufes 
ceale to a eh This happens, in general, to all bodies into the com* 
pofition of which the matter of tire, or rather that of light does r.ct 
enter, at lead in a fenfiblc quantity, as one of their principle.*. 
But there is in nature, and efpecialiy on the furface of the globe, 
a great many mixtures which exhibit all the phenomena of active 
fire, in a more permanent and more durable manner than all j 
others, and which therefore deferve to be particularly cunlidered. ! 
Thcfc are bodies called combujiihle or inflammable , What diltin- 
guifltes thefe bodies, is that w hen they are once put into an igneous 
motion, that is, when they are made red hot, either bv the colli- 
lion oi bodies, or by the Impulfe of pure light, or by the conta&ofany 
body which is in this igneous motion, they produce all the phe- 
nomena of a Clive fire, t hey become burning and luminous, and 
preferve thefe qualities in the fame degree, or in an encreafmg 
degree, w ithout the neceiT ty of the continued aftion of the caufcs 
which excite active fiie, as in the cafe of incombullible bodies, and j 
they remain in this ignited ftate, till all the light which entered 
into their compolition be dilengaged : after which, the part ci 
thole bodies that remains, becomes of the clafs of thofe that are 
incombullible, and cannot relume or preferve its ftate of ignition, 
like combullible bodies, without the continued adlion of the caufes 
which excite the active fire, as is explained more fully at the ar- 
ticles COMBUSTION and PHLOGISTON. 

As combullible bodies produce, of fome fort of their own ac- 
cord, and while they are ignited, all the effects of arftive fire, and 
as there is plenty of thefe combullible bodies, we make ufe of 
their con. bullion more .conveniently than we could frictions or 
the motion of pure light, in order to apply the action of fire to any 
fubitances, in the operations of trie arts and chemiftty. Thu3 the 
combuinon of thcle bodies may be confidercd in this refptcl, as a 

third 
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:aufe which excites the a&ivity of fire, or rather as fire itfclf, 
ed of all its liberty and a&ivity. 

tv thefe different explanations of the nature and effeds of 
fire, we may ealily form an idea of the manner in which it 
Km different bodies, and of the changes which it makes them 
'o. Experience proves that it caufes decompofition only by 
ideating heat. Thus, although light be the foie fubdance 
can be confidered as the matter of fire, it is not as light, or 
property of rendering bodies vifible, that it produces the 
of fire, but by the impulfe, or violent motion which it 
inicates to the.condituent parts of bodies, which motion, as 
already faid, conilitutes eflentially and folely the ftate which 
l heat. This being well underdood, no doubt can remain 
he manner in which I conceive the effeds of adive fire, and 
he alterations which it produces in the bodies expofed to 
on. 

>eak properly, all thefe effeds are reduced to a fingle one, or 
y its confequences. This principal effed is the dilatation 
>odies; and this dilatation can be only attributed to heat ? 

: reafons I have given. But it is evident that no body can 
ated, without a proportionable diminution of its fpecific 
r, of its hardnefs, or adhefion of its parts ; and thefe two 
is are the mod eflential to be confidered relatively to che- 
; for every operation of this art is effeded either by the 
ition of fpecific gravity, or by a greater or lefs disjundion 
parts of bodies, as we fhall fhew. 

ie fubftances are capable of a greater dilatation or diminution 
r fpecific gravity, than others, by fire. Thus certain mat- 
: fo much rarefied by even moderate heat, that they feem to 
l their fpecific gravity, or become at lead fpecifically lighter 
ill the furrounding bodies : hence thefe fubftances, when 
to a certain degree, are raifed as bodies would be without 
All fubdances which have this property are called in 
il •volatile fubftances . Other bodies are fo little dilatable by 
datively to their denfity, that the greated heat that can be 
to them, produces an almod infenfible diminution of fpecific 
Thefe are called, from their being almoil unalterable in 
fped by fire, fixed bodies . Hence, if we expofe to fire a 
>und body containing fome fixed and fome volatile principles, 
ter becoming fpecifically lighter, ought to rife in vapours, 

> feparate themfelves from the former, which are unalterable 
refped. But as almod all compounds contain principles 
ng fo much in volatility and fixity, that fome of them may 
fed and fublimcd, while others fhall remain fixed with fome 
degree of heat ; we may therefore, by heat alone, make many 
fes and decompofitions. If, for example, we expofe a com- 
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pound or regulus of antimony, which is a volatile femi-mctal, ar.d 
of gold, which is a fixed metal, to heat lb ftrong that the volatility 
of the regulus of antimony (lull take place; then this term-metal, 
being railed by its acquired levity, will be fublimed in vapors, aiuf 
will be feparated from the goid, which will remain fixed and pure. 
The observation we have juft made concerning the changes in the 
fpecific gravity of bodies, which the dilatation occa fa rad by heat 
produces, ought alfo to be applied to the diminution or the adhe- 
lion of their integrant parts, which is an effect of the fame caufe ; ! 

for if a body be dilated by hear, the contiguity, and conlequenrly j 
the adhefion of its integrant parts mu ft be dhninifbed : but in this j 

relpeft, the fcveral natural iubllanccs differ very much ; for the i 

integrant parrs of fume bodies, when dilated by hear, are fo le pa- 
ra ted and disjoined, that they feem no longer to cohere. If thcl’s 
bodies be niturally folid, they become fluid when they are per.e- 
r rated wirh a fufHcicnt quantity of dilengaged flic, and are called 
fufcblc hptlit'% . Thole bodies, tlx integrant parrs oh which cannot 
he entirely disjoined bv fire, are tailed infuhble or refractory : 
but as the aggregation of a body is broken when it is fufed, and 
ns this dell ni. Mien of aggregation is a ncceflary condition for the ; 
combination of bodies with tMch other; fire, therefore, by ren- j 
dering folid bodies liquid, has induemc as a principal agent in all 
combinations. 

As all chemical operations may be reduced to decompofitions and 
combinations, fire is, therefore, in chemiffry, as in nature, an 
\i nivcrf.l agent. Thus we know, that although dccornpolitions 
and analvies may be made by menflruums without any more than 
the natural hear, yet as thelc menlliuums can only a (ft when ren- 
dered fuflu iently fluid by heat, fire therefore acts in thefe analyles 
as ncceUlp ily as in thofe which at c occalioned by the immediate ap- 
plication or hear. We ought to older vc concerning this fubjedf of the 
volatility, fixity, tufibiliry and infutibility of bodies, firll, that all 
thefe properties areprnpeily only relative. Not any body is en- 
tirely Ihcd and inrulible ; and thole which we conlider as fuch 
would be reduced into vapors, as volatile bodies are, if they were 
expofed to a heat infinitely llrongcr than any we can excite. Thus 
a body will appear fixed, or infufble, when compared with other 
very volatile and very fuhble fuLttances : While it (hall be conll- 
dered as volatile or fulible, v, ben compared with others more fixed 
and lef. fuff >lc. In the lecond place, as volatility and tufibiliry 
arc effects of one and the fame cattle, namely, of the dilamticn 
orcalione.l by the pro fence of a certain quantity of uncombined 
fire in bodies, thelc two qualities arc properly the fame, in more 
or lets eminent degrees ; and in this fenfe, volatility pught oniy 
to be confide red as the h’.ghcff degree of tufibiliry. Accordingly, 
iabibiKcs which arc habitually liquid, and which ought therefore 
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confidered as the mofl fefiblp, are all very volatile, "and it.i 1/ 
fed into vapors with very little heat ; while, on the contrary, 
rs that are hard, and not very dilatable ; thofe, in fhort, the 
gacion of wuofe parts is the firmeft and mofl difficultly to be 
:n, and which are therefore the lead: fufible, arc alfo the mod 
The aggregation of all bodies, when reduced into vapors or 
, is broken ; but more fo when reduced into vapors, than 
merely fufed. Accordingly, the mod effectual of all methods 
•mbiuing fubflances which cannot be eaffly united, or which 
>t be joined while the aggregation of one of them is fbnfibly 
ved, is, if poflible, to reduce them into vapors, and to make 
vapors meet. All the effedh which fire produces, as an agent 
ernical operations, are reducible, as we fee, to thofe we have 
ioned. The quantity of uncombined fire which flows per- 
lly from the fun, and difiufes itfelf through all its fphere, is 
ent to produce all the feparations and combinations which 
lily fee efle&ed by nature: but as the heat caufed by the fun 
y limited, chemiflry would be confined almoft to the contem- 
m of natural operations, if we had not methods by which pure 
incoinbined fire may be made to enter bodies, or to quit them 
safer or lefs quantities. 

ic method of encrealing the quantity of fire or of exciting its 
ty, are, i. The impulfe of concentrated light. 2 . Frictions, 
je combuftion of inflammable bodies. 

le Arongefl action of light that we know of is, that of the focus 
turning lens or mirror. Th$ heat which this focus excites in 
s expofed to it, is even much too itrong for mofl chemical 
itions, and ought to be applied only to the mofl fixed and mofl 
Etory bodies. As the focus is befides very {mail, and thefe 
itions cannot be without great difficulty performed conveni- 
in it* and as powerful mirrors and lenfes are very rare and 
very little ufe is made of this fire for the operations of che- 
y. This Science is however indebted to it for many experU 
s of the utmofl importance, as the dccompefitioii of gold , pub- 
I by Hombcrgt if it be true, the fufion of platina which I have 
ed along with M. Bcaum y and that ot feveral other bodies 
h cannot be fufed by other fires without addition, as has been 
n by different Chemifts. 

tie heat which is excited by frictions and percuflions is in gene- 
roportionable to the force, to the rapidity, to the extent of 
riction or percuflion, as well as to the hardnefs of the bodies 
ed or flruck. This heat is alfo little ufed in chemical opera- 
; but appears neverthelefs very frequently in many experi- 
s, as in fermentations, effcrvefcences, folutions. It takes 
whenever bodies unite together, and is proportionable to the 
and rapidity with which thefe bodies re -a ct upon each other. 

F 3 It 


Digitized by t^ooQle 


FIRE. 

It is produced by the friction and collifion of their parts; which 
indicates that the prinuiy particles of bodies are of the greatei: 
degree of hardnefis, even in thofe bodies which are habitually liquid 
or iufr ; lor the i"c bodies, during their folution or re-action, arc 
capable of producing as much hear as the hardeft lubftances; and 
if the agitation of fume fluids docs not produce any fcnfible heat, 
the reafon is, as M. de Biffon fays, that their parts cannot touch or 
Hrike each other in fuch a manner as to produce a fuflicient collilion. 

As to the combuftion of thofe bodies that are comburtible, it is, as 
I have laid, the mod convenient and advantageous method of ap- 
plying the action of fire to bodies. 

The molt common inflammable fubflances, fuch as wood, pic- 
coal, charcoal, and oils are thole which are generally ufed in Che- 
miftry, as well as in the Arts and in common life, for all the opera- 
tions in which the aiftion ot fire is wanted. 

Chcmifts having occafion for all the degrees of heat from the 
wcakelt to the llrongelt, have fought and found the means of pro- 
curing them by employing different intermediate fubftances, and 
itill better by the diipoiition and conftrudtion of furnaces, in which 
arc contained the combultiblc matters and the fubllances to which 
the action of fire is to be applied. 

It is certainly not without grounds that the Count de Buff on re- 
marks in the firft volume of his introduction to the hiftory of mi- 
nerals, that the action of fire upon different fubflances, depends 
greatly on the manner in which it is applied. Experience proves 
in fatft, that certain matters which melt eafily enough in the fire 
of a forge or of a large furnace, refill the focus 6f a burning lens 
or mirror, although this locus melts other matters which are infu- 
fible, or vvhofe fufion requires great time, by any other mode of 
applying heat. To explain tliefc fa&s, M. de Buffo n thinks that 
we ought toconfuler fire in three different Hates, the firft relative 
to its velocity, the fecond to its bulk, and the third to its mafs. 
Under each of thefe points of view, according to this illuftrious 
Author, this element fo fimple, fo uniform, in appearance, will feem 
to be a different clement. M. de Buff on explains afterwards how wc 
may encreafe the velocity, the bulk, and the mafs of the fire, and 
make it produce different elfcds according as its activity is encreaf- 
rd by one or other of thefe means. I cannot but applaud the new 
ideas which this ingenious man propoies on this kibjecl, and which 
appear to me to be generally well founded. Nevertheless, as each 
pci foil has his own manner ol confidcring things, and, as M. d: 
Cuffan himfelf expreffes, the empire of opinion is fufticienrly large 
ior every one to wander in it, as he plcafes, without offending each 
other; I will hazard a few words concerning my fentiments on the 
differences of the effetfs of fire, from the ideas which I have ex- 
plained in this article, on the nature of this powerful agent. 
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Ire does not aft or produce any alteration upon bodies, but by 
ms of exciting heat in them, and heat 19 nothing but the mo- 
of the condiment and aggregant parts of heated bodies, 
f thefe propofitions be true, we can fafely conclude that the 
fure of the aftion of fire is the produft of the mafs of heated 
ies by the velocity of the vibration of their particles ; and this 
ig the cafe, it is evident that as we have not any rtieans of en- 
fing the velocity of the light darted from the fun, we cannot 
reafe its heat but by ehcrealing its denlity, as is ufually done in 
foci of catoptric and dioptric inftrurtients* as M. de. Buffon 
ly remarks. I believe tve may add, that for the fame realon, 
rn we heat bodies by friftions or percuflions and independantly 
he action of light, we cannot encreafe their heat by any other 
ns, than by encrealing the ofcillatory velocity of their parts, 
rubbing or driking them more drongly, or rapidly, fince it is 
lent that by friftion or percufiion, the maf 9 of the bodies rubbed 
truck caunot be changed. We fee then two cafes in which the 
on of fire may be increafed, the former by augmenting the mafs, 
the latter by augmenting the velocity. But thefe two fires, 
rcially the latter, are of no ufe in chemical operations, for the _ 
ons above alligned. The fire which we are mod inter- 
d in the knowledge of, is that of combudion. The effefts of 
t fire maybe greatly encrcafed, we cannot fay how much, by 
reafing the accefs'of air, and bulk of burning matters. But as 
; fire refults from the difengagement of light, and from the in- 
ine motion of the parts of the burning bodies, we cannot fo 
ly know, whether its force be encreafed by augmenting its mafs 
ts velocity. Perhaps the encreafe of velocity may take place 
\ certain degree by the communication and augmentation of the 
tions of a great many ignefeent and contiguous parts. But at 
as I can judge, this effeft is only fecondary, and occafxonal in 
h cafes, and for the following reafons. • 

[ grant that a fire of combuftibie matters which becomes infi- 
ely hotter and more luminous by the blowing of bellows, or by 
7 other rapid draught of air, has very much the appearance of 
re whofe aftiviry is encreafed by a new degree of velocity im- 
tfled by the current of air ; but this is only an appearance, or I 
much deceived. In faft the impulfe of air upon a burning 
ly, canrtot encreafe the velocity of the fire, but by encreafiug 
it of the parts of bodies put in motion by combudion, or that 
the light which is difengaged in this combudion. Bur, it ap- 
ars to me that the dronged impulfe of air cannot produce either 
thefe effefts. For, fird, it is certain from experience, that the 
pulfe of the air pulhed upon any body with the greated know© 
>lence cannot agiratc the parts of this body fo drongly as to pro. 
fee any fenlible heat. The mod impetuous, natural or artificial 
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Wind 5s not able to produce any alteration 5n the temperature of 
bodies. Be ti des the impulfe of air can ftill lefs accelerate the ve- 
locity of light, not only becaufe its greatefl velocity is fo exceed- 
ingly finall when compared with that of light, but alfo becaufe it 
is not capable of any fenfibte hold upon the parts of this fubilance* 
as is demonflrated by a well known experiment. We know in 
fad, that the mod violent blaft direded upon the focus of a burn- 
ing glafs does not produce any change, neither augmenting, or di- 
miniibing irs adivity, or altering its diredion. 

But it it be afked by what means then does a current of airen- 
creafe fo conliderably the adivity of all kinds of fire which proceeds 
from combuftion, 1 fhall make the following anfwer. 

AH philofophers agree that air is an ingredient or agent abfolutely 
neceflary to combullion, that the moll combuitibie bodies cannot 
burn without its immediate contad, and that the more com plot 
this contad is, the more adivc is the combullioti. This being 
the cafe, it is evident that if we encreafe the quantity of air which 
comes into contad with the parts of any combuftible body, we 
fhall proporrionably augment the quantity of thofe parts which 
burn at one time ; but as it is the quantity of ignefeenr panicles 
in the fame fpace that is thus cncreafed, it follows clearly, that it 
is then the mal's of fire and not its velocity which is thus eocreafed. 

With regard to the augmentation of the effeds of fire, by encrea- 
fing its bulk, it requires other confiderations. Heat being really 
nothing elfe than the motion of the parts of' heated bodies, all the 
phenomena of heat cannot differ in any refped from the pheno- 
mena of moving bodies ; and it follows from thence, that the com- 
munication of heat from one body to another muft be exadly find- 
lar to the communication of motion from one- body to another. 
But motion is communicated according to certain laws, which 
indeed vary as the hardnefs and elaflicity of the finking bodies 
vary ; but it is certain, that in general, whatever be the velocity 
and denfity of moving bodies which flrike * other bodies at reil, 
thefe qualities being determined and remaining the fame, the bodies 
that are flruck receive fo much more motion from the firiking 
bodies as the latter furpafs the former in number and in bulk, and 
vice verfa ; fo that if a conliderable quantity of matter at reft i* 
flruck by a very fmall quantity of matter in motion, it will not 
thereby befenfibly moved, whereas its motion will be very great, 
if thefe circum (lances are reverfed. It follows from hence, that 
in order to produce a determinate motion in any given quantity 
of tnarter, by the impulfe of a quantity of matter in motion, of a 
given velocity and denfity, it is ncceliary that the quantity or bulk 
of this moving matter (hould be proportionable to the quantity or 
bulk of the body to be moved, and in order to procure this deter- 
Initiate degree of motion, n the matter which is to be ir.ovfJ f 
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ot»ght to be (truck by a proper quantity or bulk of the matter 
at is to communicate the motion. Now, in applying thefe in- 
nteflable principles to the communication ot hear, we (hall fee 
at it follows the fame Jaws as thofe of the communication or 
>tion. In fad, if heat be nothing eVfe than the motion of the 1 
ns of heated bodies, as 1 fuppoi'e it to be, it follows, that in 
ler to produce a determinate heat in any body, fuch as the heat 
refl’ary for the fufion of that body, it mud be expofed to the 
[ion of lome other matter in the date ot igneous motion, the 
antity or bulk of which are proportionable to the quantity or 
lk of the body to be melted. This truth is p oved by a very 
lple and common experiment. It is known that glafs or iron 
ty be melted at the dame of a common candle, as well and as 
ickly as in the larged and hotted furnaces; and that this de- 
nds folely on the relation of the bulk of the matter to be melted 
th that of the fiie which is to melt ir, fo that the bulk of the 
re of glafs or of iron thus expofed to the dame of the candle be- 
g fmaller- relatively to the bulk of the flame, than the bulk ot a 
ge mafs of lVreral quintals of rhefs matters, is with regaid to 
it of the fire of the furnace, the fufion will be moie cunpleat and 
ick in the former than in the latrcr cafe. 

Thefe fads appear to me to furniflia new proof of the analogy 
tween the phenomena of the communication of hear, with thole 
the communication of motion, and the relult is, that injvhsti- 
er manner the fire be applied to any body, whether its a&ivny 
augmeuted by an encreafe of its velocity, of its mafs, or of its 
ilk ? its effects are always exactly the fame, on the fame body, 
hen the degree of heat communicated to it is rhe fame ; <ind that 
white and diaphanous bodies, for inlrance, redd more the fire 
catoptric and dioptric foci, than the fire ot combuflion, the rea- 
□ is, that thefe bodies arc really lefs heared in thefe foci, which 
nlift of a pure light, that they have the property of refleftingor 
anfmitting, than in rhe fire of combuflion, in which, befides the 
trrs of pure light, the parts of the ignefeent bodies which arc 
obably denfer than thofe of light, do confcquently ftrike them 
>th more force; I have lately made foine very liinplc experiments 
bich I have communicated to the academy of Icicnccs. They 
^filled in expoling to the focus of a burning glafs, feveial plated 
glafs of diflere nr degrees of w*hi tends and thicknefs*, without 
tpp°rr, and holding them at rhe end of a pair ot tongs. When 
c thicknefs was equal, the glalles which we e lead white, melred 
oft eatily and quickly ; which agrees very well with the fad al- 
ady known, that coloured bodies heat quicker and ftrongcr than 
bite bodies in the rays of the fun. But what is mod remarkable 
id important in thefe experiments, is, that with equal degrees of 
bitenefs ah j tiaufparency, tneihickcfl glades melted more call hr 
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tli an the thinner ; fo that a plate of Rial's as thin ns paper, which 
could be iiidtf d initantly in the (lame of a candle, was not even 
ibnened in the locus, u hich however, melted pretty lat^e pieces 
or non, and made thru dart lnarks to the diilance of a foot. 

This expei urn nt feems to prove, that bodies expc fed to the 
mete actio’t ot hght, receive io much Icis hear, as tliey have more 
of the property ot reflecting* without being penetrated by the 
r.iys, as was already known ; and further, that their hear is ;.ho 
i\) much lets, as they give a frier paliage to the lays of light ; 
and it follows evidently iiom thence, that the bodies which arc 
capable of bein'; heated the mo ft ftrongly by the action or impithe 
v [ ;i jshr, are tb.oi'e which relied the lead, albbrb the mof, and 
tranlmit the final left quantity. But how lhall we conceive the 
production of ihe moll violent heat in thefe latter bodies, unit* Is 
we eon llde r heat to cunfift in the agitation and oleiliatorv motion, 
of the fmallcft parts ot thefe bodd.es, occalioned by the impulfe of 
tlv>fe ol light? Why fnuuld lb much light be aide to penetrate 
w ithin the bodies, and not be able to pals through ca lily and free- 
ly, and leave them ? Certainly we cannot imagine any other rea- 
lon, than the collilions ot the particles of light again ll thole of 
the bodies which it heats, thefe collilions being lb much more 
multiplied, as light penetrates in greater quantity into bodies, 
or as it meets with more obfiacles to its motion in a right line, 
l>v which means it is reilected, and turned in a thoufand direc- 
tions within the bodies, before it can get out of them, while it 
lofes as much ot its motion as it communicates to the refilling 
particles of the bodies by all thefe collilions. Does it not follow 
clear 1 v , that light can heat bodies only in proportion, as it com- 
municates its own proper motion to their pans, and that confe- 
quer.tly heat is nothing but the agitation and motion of the heated 
particles ? 

I have hitherto been of opinion, I confefs, with moll natural 
philofophei that heat was a particular kind of matter, lb ibbtle 
ns to penetrate all bodice, and to lcparnte their parts, when pat 
in action by light or by pciculd.cn ; end that this being was the 
ccr of fire ; l>ut the above idle* ions have feggdled a very 
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Addition s to the Article GOLD of the former Edition. 

r HE fixity of gold, although ve^y great, is not perfeft, 
more than it is of other bodies, which have been confide 3 
the moll fixed. This fixity is only relative to the degree* 
it, to which thefe bodies may be expofed. Accordingly, gol^ 
-toot truly fixed, and does only refill without lofs the adfiun < : 
'tfcfire of furnaces, for if it be expofed to a much fuperior h 
dchas that of a large and good burning glafs of three or four 
dfet diameter, it is certain that it fufiers, even in a little ti 
Jfenfible lofs. I have held fome very fine gold in the focus or a 
JMning glafs belonging to the academy, at feveral times. 
Wring half an hour each time, fometimea in a hollow piec 
ftarcoal, or in veflels made of earthen ware and poicelam, 
Mienrver the air was very clear and the fun very bright, I 
feveral other members of the academy obfervetl, that a very fexT- 
fefe fmoke arofe from the gold to the height of three or four 
nches. To know what was the nature of this fmoke, I expo fed 
|b it a cold Giver plate, by which means lbme of the vapour ap- 
peared upon the (ilver like a tarnifb a little le!s white, but not 
fefcfibly yellow. But when this part of the filver plate was rub x‘d 
tteh a burnilher, it appeared fo evidently to be gilded, that notre 
fiPtfee perfons prefent cjuld doubt that the fmoke of the gold 
fetch was thus fixed to the filver, was a portion of the gold itfeif 
feduced into vapours by the violence of the heat of the focus. 

* Some chemifts pretend to have calcined gold . Idombcrg { , 

b the ancient memoirs of the academy of fciences, that ha; 
btpofed gold to the focus of Tfchernhaufcni great lens, he has feea 
it fmoke, and reduced to a green violet colour. But accurdin 
the tradition which is preferved in the academy, this experim< nt 
has not all the authenticity that is neceflary, and it requires to 
fepeated with the greateft care. 

As it was an experiment of great importance, I thought ir pro- 
to verify it, after the academy had charged me together ui : 
MefTrs. Monti gny y Cadet , Lavoifcr, and Rr?jfon y to make a co 
bf experiments with the great burning glals belonging to the a - 
demy, which was the fame as that which Mr. Hombcrg had em- 
ployed. I expofed gold of twenty-four karats line federal tii 
to the focus of this gTafs, during half an hour at a time, on di 
made of very refra&ory white porcelain earth. 

When the gold Was melted, which happened in the fpact < 
fi»me fecOnds, it took a fpherical form, excepting on the 
where it touched the fupporr, and where it was flattened by 
weight of the mafs, precifely as happens to mercury, and 
fphere foon acquired a rotatory motiou round its axis, lometi 
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In one dire&ion and fometimes in another, according ns it received 
the impreffion of the focus more vertically, more horizontally, or 
morb laterally, and whether from one fide or from the other. 

At the fame time, when the focus was at its greaiell hear, a 
very fenffole fmoke arofe, as Mr. Homberg had obferved, and j 

the nature of which I determined by the experiment above f 

mentioned. 

On the furface of the fpheres of gold, 1 fa tv gradually formed; 
fpots evidently vitrified, which feparated from the gold, and re- 
united upon mod of the fpheres into one tnafs of a dark violet 
coloured glafs, and of a greater curvature than that of the mafs of 
gold, in which they were found to be let as jewels are in a ring, 
end producing nearly the fame appearance as the tranfparen: cornea 
has on the globe of the eye, that is, as the ffgment of a final! 
fphere joined to the furface of a greater. I have obtained upon a 
femi-fpherical iliafs of gold, whofe diameter was about half an 
inch, which might have been expofed to the locus, about four 
hours in all, a burton of this violet glafs whofe diameter was more 
ihan two lines ; and this glafs was obferved gradually to increase, 
tvhile the gold diminilhed. It is veiy probable, that the violet 
glafs obtained by Mr. Hombcrg , was of the lame nature as mine. 
Thefe glafles do certainly rcfemblc much a vitrification of gold: 

Yet I do not think that we can conclude with certainty the virre- 
fcibility of this metal ; becaufe, although I have not remarked 
any vitrified parts upon the earthen fupports that I ufed, it is ne- 
verthelefs poflible, that fome parcels of thefe fupports, or fomeatomt 
of dull floating in the air, efpccially as our experiments were made 
in a garden, might have furniflted the matter of thefe vitrification* 

I think that in order to decide upon the nature of this vitrified mat* 
ter, this experiment ought to be carried as far as it can go, that is, 
the gold ought to be expofed to the focus, till all the gold be vi- 
trified or evaporated, till nothing remains hut this violet glafs, of 
which there ought to he a fuflicient quantity to determine whether 
it can be revived into gold by addition of a phlogiflic matter, hke 
the other metallic glafles ; hut the experiment carried to this point 
would be much longer and more difficult than could be believed 
from fever*! reafons, of which I (hall fpeak at the article BURN- 
ING GLASS, aryl principally from the few days which can he 
found in this climate, fufficiently favourable to luch experiments. 
This is fo much more difficult and thorny, as the gold in the focus 
is in feveral different flares, and mixes more or lefs with the vitri- 
fied matter. For independamly of the portion of gold which eva- 
porates without being decomposed, the bottom ot the earthen 
veflels, or the hollow of the charcoal in which I expofed this moral 
to the focus, were always obferved to be coloured, even at a confi- 
derabie diftancc from the place where the gold relied, with a 
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FULMINATING GOLD, 
purple matter, and 1'prinkled with many (mail globules of gold 
not decompofed, foine of which ate fenfible to the naked light, but 
which are multiplied prodigioufly when examined by the microfir 
:ope. Many fimilar particles of gold may be alfo feen in the 
riolet glafs. This purple Hate ot gold is not yet well known ; it 
ippears nevertheless to be a kind of calcination of this metal by 
which it is rendered capable of being vitrified. But we may ealily 
perceive, that before we try the redu&ion of the purple glafs which 
I have obtained, it will be neceflary to expofe it to the focus till 
all the little particles of gold with which it is fprinkled, fhould be 
entirely virrified, or evaporated. I fhall not negleCl any opportuni- 
ty of profecuring and compleating this experiment ; but as it is very 
poiliblc that the time which I have to live will not be fufficiently 
long for that purpofe, I lhall leave to the academy of fciences the 
materials of thefe experiments with notes, that they may be con- 
tinued and finilhed after my death. 

Addition to the Article FULMINATING GOLD. 

T HE effects of fulminating gold have made feveral chemifis, 
and particularly myfelf, conjecture that the fulmination was 
caufed by the detonation of a part of the nitrous ammoniac fait 
that is combined and adheres to the fulminating gold in its preci- 
pitation. This explanation appears in faCl lo much the more na- 
tural, as in a\l the precedes known till very lately, for the prepa- 
ration of fulminating gold, a nitrous ammoniac fait will be formed ; 
as this fait has the property of detonating without addition, and as 
the augmentation of the weight of the precipitate, feems to indi- 
cate, that a portion of it combines very intimately with gold in its 
precipitation. But Mr. Bergman has overturned this hypothefis in 
an excellent memoir which he publifhed fome years ago upon this 
matter. 

The interefiing and numerous experiments which this illufiri- 
ouschemills relates in his memoir, prove clearly that the nitrous 
ammoniacal fait, and the nitrous fulphur, have no pait in the ful- 
mination of gold. The mod decifive is, that Mr. Bergman, after 
having diffolved without nitrous acid, a precipitate of gold that 
did not fulminate, gave it a firong fulminating property by preci- 
pitating it again with volatile alkali. From Mr. Bergman 9 * experi- 
ments it appears, that neither vitriolic acid, nor fixed alkali, nor 
Walking with a large Quantity of diftilled water, even when boiling, 
are capable of depriving fulminating gold of its fulminating 
property; and that inflammable bodies, Inch as ether, are more 
cabbie of producing this effeCf. But the mod afioniftiing and re- 
markable circum fiance is, that Mr. Bergman was able to deftroy the 
properties of fulminating gold, by interpofing between its parts 
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Any body, by a triruration (which ought to be carefully managed} 
and by a calcination, with the flronged degree of heat that if 
could bear without fulminating, which required no lefs dexterity 
and attention. Thefe fads, added to the light which Mr. Beaumi 
fays he has perceived upon fulminating gold when ready to ex- 
plode, prove that it is owing to the fudden and indantaneous inflam- 
mation of fome very combudible matter. But what this combufli- 
ble matter is, has not been yet determined. Mr. Bergntan has only 
proved that it proceeds from the volatile alkali which tranfmits it 
fo the precipitate of gold ; and from a great many experiments 
**hich he has made on this matter, it appears that he was not able 
•o make fulminating gold without volatile alkali, and that on the 
contrary, he has obtained fome that was flrongly poflefled of the 
fulminating property, by applying this faliue matter to this metal 
when much divided. It appears then to t}e certain, that gold docs 
»ot become fulminating, but by the means cf volatile alkali. But 
kow does it happen that volatile alkali and gold, which feparatdy 
do not produce any detonation, and arc uor even fufccptiblc cf 
evident inflammation, form with one another a compound capable 
of the moll fudden and violent inflammation that is known ? This 
remains to be determined. As at prefent ive can only make uncer- 
tain conjectures concerning the caule of this phenomenon, I /hall 
not attempt to explain it. I (hall obferve only to thofe who would 
examine this matter, that the properties of volatile alkali, and efpe- 
cially thofe by which it differs from fixed alkalies, have long ago 
demonffrated tochemifls, that a fcniible quantity of the principle of 
inflammability enters into the competition of this faline fubftance, 
ami that Dr. Briefly has lately found in his experiments upon 
gifes, that volatile alkali is one of the faline matters which is capa- 
ble of aflliming the aerial aggregation, that is, of a permanently 
clnftic fluid, and that in this date it is pofiefled of a ftiong degree 
of inflammability.* 

Addition to the Article GRAVITY of the former Rdition . 

A LTHOUGH general and particular gravity % which is nothing 
elfe than attraslion y be demondrated by a number of fafts, 
it is of fo great importance to the theory of chemittry, that we 
caunot fupport it on too many proofs : and therefore I ought to 
mention here one of the fined experiments which have been lardy 
made in natural philofophy, and which feems to me to demondrute 
ibis great principle in the mod fenlible manner. Mr. Morz'ta* is 
the author ol it. He judged, with reafon, that it was effential to 
demon flrate the ex idem e ol a particular attraction even to perd .1 
little converfaut in chemidry, by an experiment made on bodies to 
large, as to render it infinitely more ilriking aud more fcniible thaa 

it 

* See the Trcatife on Gafes, Chap. X and XV. 
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is in the chemical operations, in which it is exerted only by 
•lecules fo very (mail as robe quite out of the reach of our fentes. 

! exhibited this capital experiment before the academy offciences 
Dijon, (of which he is an illuilrious member) in February, 
73, and he publiihed it in the firft volume of Rozier' s Journal , 
1 alfo in the firfl volume of his Elements of Cbemiflry. If this 
re the only experiment on the fubjedl, it would fufficiently 
>ve the chemical attra&ion, which Mr. Morvcau makes the bafis 
his theory. It is thus related. “ If a balance be put in equil i- 
o, at one arm of which is fufpended a round plate of glafs, 
ofe diameter was two inches and a half, by means of a hook 
ened to the upper furface of the arm of the balance; and if 
s piece of glafs be made to defeend upon the furface of the mei - 
y, placed below at a fmall diftance, it will be neceffary to acid 
he fcale at the oppoiite arm of the beam, a weight equal to 
e gros, and eighteen grains, in order to difengage the gials 
m the mercury, and to overcome the adhefion rel ulring from 
contafh The experiment fucceeds equally well in an ex- 
lfted receiver, and therefore is not affe&ed by the compreflkm 
the atmofphere, but is merely the confequence of attraction.” 
iis proof is evident noj only to chemifts and to natural philofo- 
srs, but alfo to others. 

rhis fine experiment is rendered dill more decifive, and more 
itive to chemiftry, by the methods in which Mr. Morvcau has 
ied it. Inftead of the glafs plate, he fubllituted plates of d»i- 
ent metals and femi-metals, of an inch in diameter. And as 
fe metallic fubdances have different degrees of affinity with 
rcury, they accordingly (hewed* different degrees of adhefion, 
ich are (hewn by the following number of grains which were 
luifite to feparate each of thefe fubdances from this metallic 
id. 


Gold 

required 

446 grains . 

Silver 

— 

429 

Tin 

. 

4 1 S 

Lead 

— — 

397 

Bifmuth 



372 

Zinc 



204 

Copper 

— 

142 

Regulus of Antimony 

126 

Iron 

- - 

115 

Cobalt 

— 

8 


The mod remarkable circumdance in thefe experiments, (the 
ultsonly of which I mention, and \ refer to Mr. Morveau *s pub- 
ations for the details) is that the order of the adhefion which 
«obferved between the different metals and mercury, is pre- 
tty that of the affinities of thefe matters to each other, as the 
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s->pcnr in aiDalgr.fr.?, precipitations, aiul other chemical operations, 
^ r d marks the decrees of the greater or Id's foiubiliry of metal? by 
mercury, ns they have been afeertained by known obfervations. 
See the Jiib'n of Jfnltics at the at tide sffnitx. “ Nobody vac 
iorveau judiciuufly adds) be tempted toconflder, as a matter 
of chance, an analogy lo conKanr, and a correspondence between 
4o many elllots. It is then demonllrattd, that the caufe of adhe- 
sion is the fame as that of iblurion, and that as attraction is the 
principle of the former, ii i> ail'o the principled t ne la^rer.” 

M r. HCor-vo.-.u proceeds iai.thcr, and he even hopes to be able to 
iubieht chemical aflinities to calculation, atid to eftimate them 
with m.«t ltcm.it ical accuracy. “ He.e wc have (fays he; aiknkks 
ck tei miiied by namet u al t elutions. Thus, we m;tv lav, that the 
ahinby of mercuiy with gold is to the allinity of met cury with 
vane, as wpo is to • and it is evident what accuracy would 
be introduced irpo chemilhy by thefe mathematical cxpreiTion;. 
Wo have ica'on to hope, that when we (hall have, by experi- 
ments ptnpofely nude, coin eded a fc.hcien! number of tbefe terms, 
•geomet y rolling her calculations, at ihyl upon talfe fuppofbion:, 
cmd afteiwaids relieving her lebilts by cor: j par: r. rg the lame eHedti 
in different cit c om iianc in, will (me day come to dtir.cn f: tare 
ligotuudy the Tguros which the dements of cettain bodies ought 
iif-cetr.il Hv to have, in order to produce a certain determinate iura 
oi points ot c mt tet ; and to exhibit, after they are r t •united, thc.e 
in .lies that me reguhtily lulkehtrd to cettain forms. ” 

This is cmuinly one of the lined pi ofpcdU which we can have 
in chenv.div. Ai.d although it does not appear to be without 
foundation, it be longs U k ly to £e< tpett icians to determine wh-t 
may be conlidered as p-.ihble in this matter. 

I cannot better teim.nate tb.is atriele, than by adding the fpecifc 
gravities or metals, detet mined by Mr. ibyk with more accuracy 
than Ins bern done tv dote. 1 (hall only repeat the principal rcfuhi 
»>» the c X peu.nents made in other to determine the Ipccific gravi- 
ties, and 1 refer to Mr, />• h/b//.-, nu moir f.r the detail The 
Ijh ciiic gravity of each metal his lx en compared by Mr. fir iff* 
with that of rciior dii’illed water, ol whieli the Irench cubic loot 
uaighs ;<» Trench pounds ; and the aii being at the temperature et 
1 he t .1 tli degree above according to Mr. Rranwur' , $ thermo- 

meter, the weight of any bulk or water being fup poled to he 
: < ovg an roual bulk of c.;d» r.utiil, not being hardened by bear- 
ing, and u t,i n vote pure, was t w::d tu be aCLOid.r.g to the cx* 
pick; >n;. in the I »ib>wing t. ldc : 
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gravity of metais hardened by being beat 
morp, according to Mr. Brijfoif s memoir, 
s Sciences, 17 7 2. Partie. 11. 


Addltio ft id the Article IRON, of the former Edition. 


T A H £ hi* advanced that marine acid treated with iron can 
acqurre the properties of nitrous acid j but without foundation. 
Mr. Machv % am! more efpecially the Duke if Aytn have ex- 
led this fadh Thie rcfearch gave occafion to the Duke ef Ayt* 
lake the numerous feries of tine experiment^ which are re- 
I in four memoirs comm unica fed to the academy of fciences, 
V fjfrfis of tfjr combinations of acids with metallic matters . To 
e memoirs I am forty that I am obliged to refer for many iti- 
lling particular*. 1 fliall only in general take this opportunity 
it non ncing them to chemiils, and of faying, that the title ihewt 
great extent of this fubjedl, and that not with landing the un- 
mon zeal of this nobleman, he has not yet been able to com- 
t in all its extent the talk he has impofed oh himfclf. The four 
toirs above-mentioned are upon the fubjedt of the combina- 
s of nitrous acid, marine acid, aqua regia, and acid of vinegar 
1 copper, iron, tin, lead, and zinc. Although feveral of the 
of ihrfe acids w ith thefe metallic matters, were already 
wn, many new ones could not fail to occur in the exadl, but 
naunarely too little prattled, method which the Duke d' dycn 
iloyed in his rcfearch. The acids and metals ufed were 
edlly pore; the combinations tvere made with much larger 
unties of matter than are filially employed in experiments. 
‘ weights of the materials, the degree of concentratim of the 
S rhe phnioniMi:t « r their adlion upon each metal, rhequan- 
or the mrt:ii difoiv* «i bv cadi acid, have been a!! carefully i^cer- 
cd. Lalily, the diftcient drg-tes o! adlwii-m <>( the acid; to 
G ihe 
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the metals have been determined by the bell method which che- 
niill y affords ; namely, the decompofition of the metallic falts by 
a graduated heat. By di {tilling each of the combinations in re- 
torrs, fir It with a fund bath, and atteiwards in the naked fire, the 
Duke (V slycn judged of the quantity ot each acid that remained 
united with each ot the merJs at equal degrees of heat, from the 
degree of concentration of the acid that parted into the receiver, 
and trom the weight of the refiduum ; and thefe interefting 
cxpei iments have proved itill more completely than had been 
done before, that marine acid adheres much more powerfully to 
metals than nitrous acid docs, and that it alters them much left 
in their comport tion. 

But independently of thefe general refuhs, the fame experiments 
have picfcntcd to the Duke d\ Aycn many particular phenomena, 
which are very curious, and feem to be capable of leading to im- 
portant difcoverics. For example, to return to the combination of 
marine acid with iron, mentioned in this article ; the decompofition 
of the marine martial fait, which refuhs front the union of thefe 
two fubltanccs, yielded by di filiation and by calcination, the moil 
lingular products, which this experiment alone could have dif- 
covcred. With a moderate hear, nothing parted into the receive 
but a kind of phlegm flightiy acid; uliichfbews that this acii 
adheres fo ftrongly to the iron, that it can relift the action of the 
fne that is necelhuy to deprive it of all its phlegm, and may be 
be concentrated to drynefs in this marine martial fait ; in which 
refpeft it differs much from nitrous acid. But when the Dale 
rf/VAr.*: applied to this combination a much ftronger hear, very 
diftei cut elicits followed. A part of the concentrated marine acii 
was carried oft, and, (as this acid ufually dots) railed along with it 
a portion of the iron, under the form of a red, ochery, very ftiptic 
and very deliquefcent fait, among which there were alfo fome red 
ci vitals that were not deliquefcent. What is very remarkable, is, 
that, at the laine time, there was fublimed to the arch of the retort, 
a cryftallinc matter, extremely light, con fill i tig of lamina? formed 
like razors, perfectly white and tranfparcnt, and decompofing light 
like the oeft prifms, fo that, according to the dire£lion in which 
they were viewed, they exhibited the various colours of the rain- 
bow. 

The fub fiance which remained at the bottom of the retort after 
the matter had been fublinud, was a ftyptic and deliquefcent ma' 
rine martial lair, fingularly brilliant, in its colour, and in its form 
foliated, fo that it rcfcmbled Mufcovy-talk fo perfe&Iy, that ic 
could not be diftinguilhed from it but by the touch. 

Laftly, this martial talk y fait ex poled to a Hill greater hear ix 
an earthen retort, y iclded another fublimate no lets lingular thiff 
that above-mentioned, but of a very different kind. It appeared 

if 
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: form of a metallic matter, confiding of fmall and brilliant par- 
, which lined the upper part of the veflels. The minutenefa 
efe metallic molecules is fuch that it could not be difcerned 
e naked fight, nor even by a magnifying lens, whether their 
was regular. But a good microfeope difcovered them to be 
regular bodies, very opake, of the form of flat flices cut off 
pnal prifms, that is to fay, like the earthen-ware tiles ufed 
iving floors. Thefe ferruginous cryflals, whofe facets have 
►lour and brilliancy of the bed polifhed deel, do not feem to 
a fa line date, but appear to be iron itfelf fublimed by the 
> of fire and by means of the lad portions of marine acid. It 
tain* that they were attractable by magnets. 

: may judge from this abridgement of what is faid in the Duke 
1*1 me noir, concerning the combination of iron with marine 
how many new r and curious difcoveries may be made, by fimi- 
fearcbes, on the fubjeds fuppofed to be the bed underdood 
:midrji I fhall have occafion to quote feveral other difco- 
, no lefs intereding, which have been the fruit of the Duke 
*’s fird refearches in chemidry. 

e means which he employed was not thofe of a perfon who 
t only for a frivilous amufement in taking a fuperficial view 
ubjed, without fearching to the bottom thofe points which 
d not very brilliant ; they were dill lefs thofe of cerrain 
uders to chemidry, whofe fight feems to be fo dazzled by the 
narvellous, or blinded by avarice* that they are not fenfible 
: importance of any truth, but thofe which flatter their chime- 
cxpedations : but they were the means of true philofophers, 
eding in a regular and conneded progreffion from experiment 
periment, not in order to force nature to pronounce oracles 
rouble to our pre-conceived ideas, bur to receive the accurate 
:rs which die never fails to give to thofe who in a proper man* 
iterrogate her. 

ic marine martial fait, made by didilling iron with fpirit of 
is foluble in fpirit of wine. Although it be very deliquefeenr, 
y nevertheless be crydallifed, when it is confiderably reduced 
raporation, and aftenvards left to cool. The form of its cryfc 
is in very fmall needles heaped confufedly one upon another. 
»y be melted, as Mr. Monnet remarks, with a very gentle heat. 
gttable acid, are alfo capable of ading upon iron. We learn 
the memoirs of the Duke <T Aycn y quoted above, that radical 
gar diflolves filings of iron by means of heat, but with lefs 
: than the mineral acids do; that this acid adheres very weakly 
J n, fince it may be eafily feparated from it by diftillation ; that 
>is operation, no part of the iron is fublimed by the acid of 
gat; and that the remaining iron is fo little altered by having 
thus uidulved, that it retains its magnetic property. 

G 2 ' Mr. 
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Mr. who made the fame combination, without harir? 

known the memoirs of the Duke efAynt^ which are not yet printed, 
fays, in his trearife on the folution of metals, that the folution »«f 
iron in radical vinegar, when faturated, is red as blood, that it pa’* 
fes with difficulty through the filter, and lets a quantity of ochre 
depoiite ; that it has not nearly the fame llipticity which the com- 
binations of iron with mineral acids have; that, by evaporation, 
fome ochre was precipitated ; and that by the fubfrquent cooling, 
final!, oblong, brown cryftals weir formed ; that this fait when put 
upon burning coals, eafity parts with its acid, and is reduced iiro 
a martial calx of the colour ofSpanifli fnuff, which is again toluble 
ia acids and capable of being attracted by magnets. Thefe fjte 
agree very util with rhofe obfefved by the Duke tfrfynt. 

Tartar adh alfo upon iron, and even very fenlibly* But the 
combination of thefe two fubfiances is not yet well known, because 
tartar is a very compound fubftance, whofe proximate princi- 
ples fufier alterations and reparations, during its artion Upon o- 
ther matters. Combinations of tartar with iron have been made 
Jong ago for the ufe of medicine, fuch as the lartarlfid t:v8xrt** 
iroH y martial extract t martial foluble tartar , martial balls ; but frofl 
want of a diftindt knowledge of the different conftituent pans d 
tartar, what happens in thele combinations was not well under- 
flood* 

Since MefTrs. Duhamel, Margraaf \ and Rouelle have difeovem! 
that a fixed alkli ready formed and united with the other principle* 
of this fa line compound, Other ideas have arifen concerning the 
combinations of tartar. Mr. Mo/tnet thinks from fome experiments 
which he has made, that the acid of tartar is the marine acid dil- 
guifed by the oily and earthy matters to which it is uoited 
in the tartar. This may be the cafe; but if it be fo, it remains to 
be explained how this difguifed marine acid is affefted in the dif- 
ferent combinations ot tartar, both relatively to the portion of fixed 
alkali which makes part of the rarrar it lei f, and to the other fubfisn- 
ces on which the tartar a< 5 ts ? And this is what 1 believe is far from 
having been cleared up. Mr. A Unnet does indeed pretend to explain, 
his treatife on the folution of metals from page 77 to 90, all the 
complicated cffc&s which occur in thefe combinations. Bur I 
confefs that after having many times read ovcf and over, svith ail 
the attention I could give, »he explanations of this able chemiftoo 
this fubjeft, I could not clearly underfland his meaning. I 1 
to Mr. Mo*mt f s readers to determine whether the fault lies in rrv 
want of penetration, or in his expreffions not being fufficieotlv 
clear. At the article tartar , I (hall relate what is at prefent knoan 
concerning this faline fubftance, which is certainly much com- 
pounded, and which, Mr. A Unnet fays, has been an inexplicable 
enigma ; till be undertook to explain it* 

Mr- 
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Wohnet has alfci made fome experiments on the combination 
rive (o\t wifh iron ; and the rei'ult is, that thefc two matters 
inite and form a fait in very fmall yellovvifli, filky, opake 
5, which cannot be diflblved in lels than tour times the qdan- 
tester that is neceflary for the folution of pure fedative lalt, 

Addition to tbe Article MILK of ibc former Edition, 

ILK. It is proper to obferve, that as milk, and confequently 
whey, do not contain any principle more volatile thau water, 
g of thefe compounds is loll by ex poling them to any degree 
: not greater thaq that of boiling water. Thus by evaporating 
n a water-bath, all its parts are obtained confounded with 
ther, and feparated from the water in which they had been, 
f them diflolved, and others only mixed. M. Bucqueet has 
sd, that milk expofed to the heat of diilillation, fuffers a co- 
on fimilar to that which happens to animal lymph, and that 
regulation cannot be attributed to the lofs which the milk 
s of its watery part ; for the refiduum cannot be agaiu dit- 
in water, even with a boiling heat. 

man, who has made iiuerelhng refearches upon cow’s milk, 
imparifons with that of fevcral other animals, has imagined, 
iy re-di Solving all that is foluble in water, of the ex- 
fmilk, he could obtain a liquor analogous \o whey i and in 
the water ought to take up from this exrraft, fome of the 
b-facharine matter, the fait of milk, and the other faline fub- 
i which milk contains, without diflolving any or bpt very lit- 
the butyraceous and c^feous parts* which are not natirrally 
6 in water, and whofe connexion with the other parts of the 
mght to be diminifhed by the effedlofrhe heat of a long eva- 
on. The butyraccoqs part fwims on the fur face of the water, 
le cafeoiM remains undiflblved in it, as the coagulated animal 
l does. When this liquor, which may be thus charged at 
ire with the principles of whey, is filtrated, it becomes the 
ration called Hoffman *s whey ' K it is much lefs qfed than grdi- 
whey, becaufe the latter is more expeditioufly and cafily pre- 
. The late Mr. Geoffrey has given an analyfis of whey w'hea 
ed in a retort. His procefs confilled in evaporating to drynefs 
liquor in a water-bath. He afterwards dillilled this refiduum 
snaked fire, and he obtained at firft fome phlegm, afterwards 
id fpirit of a citron colour, then ap oil which, was pretty 
, and laflly (a kind of coal remained, which became moifj 
expofed to the air, undoubtedly on account of the faline mat- 
hat were mixed with it. 

lis analyfis does not teach us much. But feveral modern che- 
have pubHfhed their experiments on milk. As their drfeoveries 
G 3 confifk 
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conflft of fa£te, none of which ought to be negle&ed ; as thefe che- 
mids do not perfe&ly accord as to the fads they mention, and as a 
very diftind account of thefe difcoveries is given in the Jcurnal 
de Medicine for March 1773, by M. Rouelle % I will here add that 
article. 

41 Whey (prepared without cream of tartar) when evaporated 
nearly to the confidence of a fyrup, and expofed in a cold place, 
yields cry dais which are the fait or fugar of milk . The liquor in 
which thefe crydals are formed, being decanted, then evaporated 
a fecond time, yields more crydals, which are dill the fait or milk. 
The remaining liquor may be a third time evaporated, and a newr 
cryftallization may again take place, This lad fait contains fome 
crydals of the febrifugal fait of Sylvius, and no common marine fair. 

At lad, a kind of mother-water remains, or coloured liquor, 
compofed chiefly of mucus, by means of which it frequently be- 
comes a jelly. It contains alfo a portion of extra&ive matter. 

Two gros of this mother- water, diluted in twice its quantity of 
didilled water, did not in any refpeft alter the colour of fyrup ot 
violets. 

If a dilute acid be poured upon this mother-water, no fenfibls 

effcrvefcence happens. 

If, upon ti l -.id crydallizations of the fait of milk, or upon its 
mother-water, a 1, ong vitriolic acid be poured, a flight effervef- 
cence is excited, and vapours of marine acid are raifed. This acid 
evidently owes its origin to the febrifugal fait of Sylvius abou* 
mentioned, 

A pound of fait or fugar of milk, being didilled in a retort, yields 
fird, a little phlegm ; fecondlv, an acid ; thirdly, an oil ; fourthly, a 
caput mortuum, or bulky coal remains in the retort, perfectly re- 
fembling the coals which are produced in the didillation of mild 
facharinc mucous fubdanccs, as honey, manna, darch, fugar-candy, 
&c. This coal has not the properties of a fixed alkali, and does 
not c Serve fee with acids, as the coal of tartar does. 

This calcined coal left very little afhes, fcarcely the weight of 
half a gros. Thefe were alfo very black, and confequently con- 
tained fome coal not perfe&ly calcined. 

Thefe allies lixiviated with an ounce of didilled water, changed 
the colour of the fyrup of violets to a green. When mixed with 
acids, no efFervefcence was occafioned. Thefe afhes therefore con- 
tain only an exceedingly minute quantity of fixed alkali. 

The produ&s of the didillation of this fait of milk are then very 
like thofe of daich and of fugar- candy. 

I burned in an iron difh a pound of this fait of milk. From the 
coal, when thoroughly calcined, I obtained only twenty-four grains 
of allies ; and thefe alhes gave no more fixed alkali, than thofe did 

which 
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were procured from the caput njortuum of the diftillation of 
* milk. 

he latter cryllallizations of the fait of milk, and its mother- 
r being burnt, and their afhes lixiviated, yielded a little febrifu- 
Jc of Sylvius, and a very l'mall quantity ot fixed alkali, which 
ars to me to have proceeded from the fmali quantity of extrac- 
roatter that is contained in the mother-water, as is already 
ioned. 

pound of the fait orfugar of milk that is commonly fold, being 
t in an iron jdifh placed over t good fire, the fait melted in fome 
re, and acquired the colour of burnt fugar. It exhaled a fmell 
ly like that of honey, manna, ltarch or fugar, while thefe 
ers are burning. 

this combuftioo, the fait of milk fmells nearly as firong as fugar 
; which property all fweet lacharine bodies have. The coal 
h remains after theceafing of the flame, if it be kept red-hot 
i a fmali blueifh flame ; which effed may alfo be observed in 

be aihes which refult from a pound of falt'of milk, weigh from 
ty-four to thirty grains, and are fiill blackifb. 
befe afhes lixiviated in an ounce of diflilled water, give a 
i colour to fyrup of violets, but occafion no effervefcence with 
becatxfe the alkali is in too fmali a quantity, 
burned alfo a pound of fugar-candy in a new iron difh. This 
r melted more perfedly than the fait of milk had done. The 
e which it yielded did not appear more confiderable, nor did it 
ooger. 

he coal which remained after the flame had ceafed, when kept 
boc, bums like other coals, with a flight flame unaccompanied 
i fmoke. 

his coal when reduced to blackifh afhes, weighed from twenty - 
to thirty grains. Thefe afhes are very (lightly alkaline, and 
1 their bulk we may judge of the fmali quantity of alkali which 
f contain. 

t appears then that fugar-candy gives nearly the fame products 
dt or fugar of milk. When I fay nearly, the reafon is, that I 
not fee any certain difference, either in the quantity of afhes, or 
fixed alkali. 

n the fait of milk approaches nearly to the (late of fugar- 
dy. One part of water is required to difiblve two parts of fugar- 
dy ; and in order to difiblve fugar of milk, a little more than an 
tal quantity of water is required. I do not know any other mat- 
in the vegetable kingdom, to which the fait of tniik is more fimilar. 

^ evaporated and dried, in an iron veflel, twenty -five French 
Jts (each pint being equal in meafure to two pounds ot water) of 
p’s milk, and I heated it fo much as t<^ 1 M * When the 
^ * flgrr** 
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feme cetled I reduced the coal into afhes. Tbefe allies being ct«e- 
fully lixiviated, I evaporated this lixivium to dryncls, anu I ob- 
tained a f aline matter, which weighed nine gros and 48 grains. 

J examined this fait with much attention, and knind that it cot-, 
tained not more than a gros and a half or two grot cf fixed vege- 
table alkali, ot the nature of the alkali of tartar. 

The rell tva* a tree febrifugal fait of Sylvius. Vitriolic acid 
being poured upon this fait, the marine acid was uifcogHgtd, aci 
vitriolic tartar was formed. 

I decom poled tome of this fait by the nitrous acid, and thereby 
a true nitre was formed. 

I ought to ©bferve, that the milk on which, or on its producls *lf 
my experiments were made, was taken in the months ot Decem- 
ber and January. Wc might fufpedt that milk taken the turnmer 
months ought to yield very different produces from that which is 
taken in winter: But without foundation. Thefah of milk which 
is made for fale is brought from Switzerland, and is pre pated only 
in fummer. Its aoalyfi?, as above-deferibed, Iheivs that the turn- 
mcr-miik yitlds no mote £ xed alkali than that which is procured in 
ihe winter months. 

When I eftimate the quantity of fixed alkali obtained from milk 
at two gros, which is the utmoft it can be eftiraated at, it appeal 
that a Kiench pint of milk yields five grains and a hall of aiLw. 
When wc cinder how much of this alkali is carried off in wAwg 
butter or cheefe, it will appear that the quantity remaining 111 
whev, ought to be no more than refults from the above trials. Wc 
find an anulyfis of the whey of cow** milk in Mr. Bra*mt'$ Ma- 
nual of cbemifby. This analylis lias been objected to mine, * 
invalidating my experiments. M. Btaumc has indeed obtained 
after a third evaporation aud cryftalliratiou of whey, fome crytl*!* 
of ordinary marine fait. He found aft er ward v in the mother -water, 
or the liquor which cannot be further cry (lallized, a fixed albli 
which is obtained without combulliotu He aMo difiilled fome fdr 
of tnilk, and the refiduum in the retort was (fays he) a fixed •Ikafi*. 
Laftly, M. Bcatmc adds, that fiigar of tnilk has many penpenks 
in common with cream of tartar, excepting that it is not acid. 

As this analvfis, which is alfo found in his Elements of Phar* 
tiv.cv, is contradictoiy to mine, I think it is proper to tranferiberf 
at length, that the public may repeat the experiments, and dew* 
mine upon the lubje^t. 

• 4 Cow’s whey, three fourths of which having been evapotaied, 
yields at firfl a lalt that has a fweet facharine talle, and which b 
therefore called fait or fugar of milk. This fait is obtained by the 
tii ft cryllallization. The moil concentrated acids have no fenfibk 
action upon it. This fait is nevcrthelcfo faponuccous. It it he 
expoled to the a&ion of five ir. a retort, fome empyreumatic vil * 

obtained* 
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n?iicd ; and rhe refiduum is a fixed alkali. This fugar of milk 
i betides many properries in common with the cream of tartar, 
opting rhat it is not acid. 

14 When the liquor is again evaporated, it yields by cryflallizatiop 
sh nearly fimilar to the preceding. But the mineral aqid* de- 
npofe it. The third evaporation of whey yields cryflals of com* 
m fea-falr, Lallly, a liquor remains which will not cryflallize : 
contains fume fixed alkali and a fmall quanntity of extractive 
rter. This fixed alkali is obtained without comburtion. 
kfc Each) pint (French meafure) of cow h whey* contains about 
en or eight gros of the faltf above-mentioned, 

14 We have reafon to conjerture that all thefe fairs come originally 
m the vegetables with which animals happen to t>e fed, and 
ich have not changed their nature by palling into tire ani* 

I body.** 

uch is rhe rcfult of the labours of two of our moft able chemift?, 

- Pamer quotes in the notes which he adds to the German tranf- 
wn of the Dictionary of Chemifiry, a difitt ration of M. Vulga* 
s, tU Sale lathi effintiali* I.ugd. But air. 1 7 As I have noc 
arable to procure this work, 1 (hall only mention after M. P<cr* 

, that M. Vulgamoz. gives an analyfis which he inadeol rhe fait 
milk, and fays, that the properties which he obferved, Ihcw that 
* fait is faponaceous , unites oils with water % and is anakgom to ibe 
ie o/fugar- canes* 

NiCfcEL, Nickel is a metallic Aibflance, the difeovery of 
itch was published by Mr. Cronftedt , a celebrated Swcdilh mineral* 
ili in two memoirs inferted in the ads of the Academy of Scieu* 

1 at Stockholm, tor the years 1751, and 1 7 54 . 

This matter is the regains of a very compound mineral, which 
i believed to contain copper, although nobody had been able tu 
trad any from it: Hence the German metallurgies had given it 
: name o t Kupfcr+nidtcL This mineral is found in ieveral Ger- 
m mines, and probably in thofe of orher countries, although it is 
e. The colour of this mineral is fometimes grey, and foinctiuua 
hieing yellowifh red* 

Some metallurgies, efpecially Hencheil and Cramer , have refer- 
i kupfer-nickel to the cupreous and ark nical ores. Mr. C on- 
Ji, alter a more particular examination of it, maintains that tins 
ineral contains a metallic matter peculiar, and different from all 
ofe hi rherto known, to which he gave the name oi regains of nickel^ 
limply that of nickel , under which name it is now known. 
Although mod cheinifts have adopted Mr. Cronflcd ? s opinion 
ncerning the fubftance, fome however continue to maintain that 
tpfcr-nickel contains copper, cobalr, iron, and arfenfe. It appears 
b? certain that this mineral, and even the regulus, until it be 
tfified by laborious and difficult procdles* does contain fome co- 
balt, 
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baft, fome arfepic, and alfo iron ; but we (hall foon fee, that although 
copper may be found in fome kinds of kupfer-nickel, the mod<k« 
icifive chemical experiments have not been able to (hew the pit* 
fence of any part of this metal in any of thofe kupfer-nickels which 
have been fubmiued to the mod rigorous, and mod judicious 
fdocimadic anaiyfis. 

The experiments of Mr .Cronjlcdt had fufficiently proved that ! 
the ore of nickel was not a copper ore, and that the metallic fab* 
dance obtained from it was either a new ferni-metal, eflentially dif- 
ferent from thofe before known, or, at lead, a particular allay of , 

feveral metals which it is very difficult to didinguiih and to dpi- ; 

rate. Mr. Cronjlcdt not having pulhed his experiments far enough 
to purify perfectly the regulus of nickel, our knowledge of the true 
nature of this regulus was but little advanced. We (ball, in fad, 
fee, that notwirhdanding the later refearches, much more confider* 
able and extenfive than thofe of Mr. Cronjlcdt , doubts dill remain 
on the nature of nickel ; and as it has been (hewn, by thefe experi- : 
ments, that what was conlidered by Mr. Cronftedt as very pure 
nickel, was very far from being really fo, it follows, that we cannot 
depend on the rcfults of the experiments concerning the allays 
which Mr j Cronjlcdt relates in bis two memoirs, and that thefe refultt 
have been prematurely inferted in fume modern books of chemif- 
try, particularly in the Englilh edition of the Dictionary of Che- 
miftry, in the notes fubjoined to which, many excellent things arc 
contained.* 

This nickel, which Mr. Cronjlcdt had but in a manner announ- 
ced, would have remained among thofe many fubftances which are 
but imperfectly known, and concerning which we (hould not hare 
been able to have formed any didindl idea, if two excellent chemifti 
had not publilhed very lately the rood ex ten live refearches that 
feem poilible to be made on this fubjedt. Thefe numerous experi- 
ments are related in a diflertation in the form of a thefts, entuukd, 
Diffcrtatio chcmka de Nicoio, and ore Jabanne Alzalio Arvidjjt** 
Upfali. As all the refourccs of chemidry appear to have been 
exhauded in this excellent memoir, in order to attain an accurate 
knowledge of Nickel, I (hall extract from it what appears to roe of 
the mod importance, although this anaiyfis is not perfc&ly 
complete, the mineral not having been examined in clofe veflels. 

As Mr. Ar*vidJfon% intention was however rather to examine 
the regulus of nickel than the mineral itfelf, his examination 

rf 
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this regulus may be considered as a very good model for 
:h refearches. f 

T his chemiff employed the common procefs ufed in eflays, as 
r. Cronftcdt had done, to obtain the regulus from the mineral 
fer-mickdy which was previoufly well roafted, fo that by the ex- 
Ifion of the fulphur and arfenic, it fuffered a diminution of weight 
aal to thirty per cent. The colour of the calx was green, and 
s the more intenfe as it was richer in regulus. 

By fufing thefe calxes, according to the ufual procefs, in a cru- 
le expofed to the violent heat of a forge, with a mixture of three 
r ts of black flux, and a fufticient quantity of decrepitated lea -fa It 
cover the whole, Mr. ArvidJJon obtained buttons of different 
ighrs according to the richnefs of the minerals employed, but 
:eeding half the weight of the crude ore. The fcoria was brown 
black, and fometimes blue. 

Such was the regulus of nickel that was examined by Mr. CronftedK 
t the further experiments of Mr. ArvidJJbn proved that the 
:kel obtained by this procefs was very far from the degree of 
rity to which it muff neceflarily be brought, although notwith- 
t confiderable difficulty, to enable us to determine its nature, 
^is perfect purification is fo difficult, that although the very long 
‘moir of Mr. Arvidjfon contains nothing but the refults of a very 
nfiderable number of experiments of all kinds made for this pur- 
fe, we cannot with certainty fay that it has been entirely attained. 
The fir ft attempts of purification made l^y Mr. ArvidQon conliffed 
long continued calcinations of a regulus of nickel of Suii!tin y 
lich had been prepared by Mr. Cronfledt himfelf, and in the re- 
gion of this regulus after each calcination. Each of thefe fuc- 
flive calcinations Uffed from fix to fourteen hours; they were 
peated fix times, and they expelled from this pretended regulus va- 
►ursof arfenic, and alfo white vapours which had not an arfenical 
lell: and after 3II thefe calcinations, in fcveral of which powder 
charcoal had been added, which method is known to be very 
Fe&ual to facilitate the expulfion of arfenic, the metallic buttons 
oceeding from the reductions, and wbofe weight was diminifhed 
each operation, did nevertbelefs emit an arfenical fmeli, and 
ere attracted by the magnet. Six fucceflive fufions of this fame 
fgulus, with quicklime and borax, after it had undergone the 
)ove-mentioned fucceffive calcinations and fufions, left a metallic 
utron, furrounded with the quicklime which had acquired a green- 
h colour, and under a hyacinthine-coloured fcocia. This button 

was 


+ Although I mention Mr. Arvidjfon s name only, becaufe he is the 
athor of the thefis it isEowcvcr probable that Mr. Bergman dire&cd the 
pc rations. 
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was (till capable of being attracted by the magnet, was fbmi-dudhl® 
-and tough, and when broke, it appeared to colifUl of a ftiiaied 
texture. 

Laflly, in order to terminate this long apd toilfotne work of ptw 
ri float ion by calcinations, reductions, and fu lions, Mr, Arvidjf** 
calcined a ievenrh time, during fourteen hours, a metallic butioo 
which had all eady undergone all thofe proofs, till by adding powder 
of charcoal, no more arfenical fmnes were exhaled, and no further 
diminution of weight was occa honed,. The calx which was pro- 
duced by this latter operation, had a ferruginous colour mixed with 
very flight traces of green, and alter the leduCtion of this calx, a 
very linaii globule remained in the Icoria which was much charged 
with iron, and this globule wxs lull attracted by the magnet, 

Mr, Arvitijfou was not latistied with making thefe trials on a 
(ingle kind of nickel, but he tried feveral kinds from distent count 
tries, and the refults have always been the lame, that is toiay, a 
metallic button has beeu obt3«ued which was attired by the mag- 
pet, and which confcquemly contained iron* 

The ohliinacv with which iron remained united with thefe mes 
tallic buttons, notwithstanding the means employed to purity them, 
fuggefled tu Mr. 4>vu1jfon rhe idea of trying other pnarefles, and 
particularly by intermediate lubtLnces. Qt thele iubflances, luU 
phur being one of the molt efficacious fa (tparate iron from other 
metals, has been tried in repeated fu lions, and added at four dil- 
ferent times, without rendering the regains* when itccd from the J 
fulpbur, lefs capable of being attracted by the magnet. 

The eilays made by mcaus of liver of lulpbur, were not attended 
with more luccels. 

Neither was the iron feparated metre effe&ually by the longdc* 
tonatior.s, calcinations, tu lions with nitre, either of the ore or 
of the regulus of nickel, 

Thefe experiments did only (hew that nitre is capable of dif- 
covering the prefence of regulus of cobalt in nickel, although i( 
did not appear by any other mode of trial. 

Mr, Arvi^ffon had no more 1 uc cel & in endeavouring to deprive 
this regulus of the iron which it contains, by lublimation wuh 1 j 1 
ammoniac, which in many fithflaucea is an eHicactous meih«»d. 
The buttons which remained al«ci th,vte repeated Itibiima'iop* with 
huge quantities of fa I ammoniac, were indeed only weakly atuuCtcJ 
by the magnet, bur were neveithelcfs fenlibiy att»aded. A re- 
markable ciicumflawce was oldened, which was, thar although the 
wcaknefs of the nvagm tiltu of the regulus, which had been thus 
treated, teemed to IIh^v that a » onhderable quantity of iron had been 
(cpainted from it by lal ammoniac, the flawci* did not however ap- 
pear to be martial, being white, and not producing a black co* 
when aJJed loan infuliuu ot gab*. But in tlw-tc t \pciiinc<>»‘, 
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re wa § always a portion of faline matter which appeared, thtit 

i lefs volatile than pure la! ammoniac, and was ringed by iron 
1 hyacinthine colour. At each fublimation, fome volatile alk.fi 
red at firft into the receiver, then feme undecotnpofcd fal ammo* 
r; and laftly, a little acid of fair, ns generally happens* when ful 
noniac is treated with molt metallic lubftdrtcrs. 

„alHv, the folutions by the nitrous acid, the preci pi rations, and thfc 
on of cauftic toiarile alkali* all thele means employed by opetv* 
is repeated each of them five or fix times, have been infufticicnt, 
fled a compleat purification of nickel, and especially a comple x 
nation of the iron. It appears even from Mr. Arvidfian’s cxpe« 
etlts, that the more the rcguluswa? purified, the more bard, te- 
ious, and more difficultly tufible it became, and ir acquired moife 
he properties of iron. Accordingly this good chemift concludes, 

ii re.ifon, that the perted purification of nickel cannot. rake place 
any means hitherto known ; that the fulphur can fcarcelv 
eparated t om ir, by repeated calcinations and ditfohitiohs ; that 
a r feme is more firmly united with ir, although ir may be expel - 
by means of powder of charcoal and of nitre : that cohair 
cres even more powerfully than the preceding fubfl.lnccs, fmcfc 
e difeovered it in fome produds in which it could not lie reta- 
rd fenfible by any other methods ; and laftly, that the quantity of 
i cannot be diminilhed bur in a cerrain degree, fince the magnet 
ided the burtons thar were purified as much as they could 

A very remarkable magnetic phenomenon happened in one of 
Arvidffon' s experiments, which is, that a regulus purified bv 
►hur, and brought by repeated calcinations and reductions to hi 
off as ductile and refractory as pure iron, bad acquired in rhefe 
rations fuch a magnetilm, that it was not only very capableof be 
attrnded by the magnet, but was really become a magnet it fell, 
»fe parts mutually an faded each other. 

Phe very probable conclufion that Mr. A^idjjbn draws from hi* 
>rious examination of nickel, is thar this metallic matter is no 
ig bur iron in a particular fiate, by means of which it dirtets from 
other kinds of iron. He thinks that this metal is fufcepnbler 
:rent modifications, which appear to make to many kinds 
als. According to this chemift, cobalt irlelf, the loaJ.fiom*, 
the regulns of the black Joad-flone are nothing elie bur nickfl. 
nodifica lions of i*-on. He fuppoits bis opinion ujmmi reafons fo 
fenfaneous w'irh many chemical fads well afeertained, that 1 
l here tranferibe, f»om the French tranliatiuu of his memoir 
at he fays on the fubjed. 

‘ We know in general, lays Mr. Arvi:hjan % that the qualities n 
ron vary in a lingular manner, on account of the different qoar> 
‘ties of phh/gifion that it contains. How many kn.ds ol iron **<1 
feel there are ! And wc ought not t u to. get tb:;t cobalt, r he Joad- 
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44 ftone and us regulus, as well as nickel, cannot be perfedly de- 
11 priced of iron, but that allb they become more dudife, more at* 
•• tractable by the magnet, and more refradory. Laflly, iron 
44 exhibits the different colours w h ; ch thefe metallic matters acquire, 
44 either in the dry, or in the humid way. Cobalt and the load- 
44 fione give a red colour to acids ; the load ftone fhews this colour 
11 even in glafles. Nickel, and the load- fione, being melted with 
44 borax, give a hyacinthine colour. A green colour is obtained 
44 from nickel difiblved in acids, from its calx, from the black load- 
4 ‘ ftone well calcined, and alfo from its fcoria when reduced by 
• 4 means of the white flux. Lafily, eobalt gives to glafs a blue 
44 colour, or rather a violet, and the Ibad-ftone gives a fluailar colour 
* in fixed alkali, and nickel in volatile alkali. 

44 Iron prelents all thefe varieties. When diflblved in acids, it 
44 communicates to them a green colour, which lafls while the me- 
44 tal retains a certain quantity of phlogifton, whereas they beconrf 
44 yellow, red, or of a reddilh-biown, according as the quantity of 
44 the phlogifton diminifhes. It alfo tinges glals of a green, yellow, 
44 black, or red colour. If it be calcined with nitre during feveral 
44 hours, the bottom and fides of the crucible are covered with fa- 
4i line flowers of green, blue, or of a puiple colour. This cfflorc- 
44 fcence fcarcely colours wafer, and like iron, communicates to 
44 glafs a greennefs which vanifties by cooling. Whence it appear? 
44 that this colour which we obtained from nickel, by means of 
44 nitre, was chiefly produced by ifon. It is to iron that the grcco 
44 colour of nephritic and ferpentine Hones, jafpers, clays and other 
44 earths is owing. It is that which tinges feveral blue Hones and 
44 alfo feveral varieties of yellow and red.” 

All thefe fads added to a great number of experiments, give 
certainly much probability to the opinion fuggefled by Mr. Arridf* 
Jon ; but we muft not thence conclude that there are really feveral 
kinds of iron efientially different from each other. There is bat 
one kind of iron, as there is bur one kind of each of the other me- 
tals ; ncverthelefx iron, as Mr. Arvidjfon well obferves, may by the 
greater or lefs quantity of phlogifton which it may contain, or by 
certain allays which it may contrad, and from which it has do* 
been hitherto difengaged, be prefented in fucb fiates or forms that 
It might not be dilcovered, if its magnetifra was not a certain mark 
by which it may be known. 

The other metallic and mineral fubftances which Mr. ArviJf** 
con fid ers as ferruginous, are probably only matters which cod- 
fill of iron differently allayed and difguifed. Meflrs. dc £*/** 
and de Milly think that plat inn ought to be put into this dais. 
Manganefty and feveral other minerals, whofe nature is but impel- 
fedly known to us, will probably augment the compounds of »hi» 
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d, if we make as accurate analyfes of them as Mr. ArvidJJen has 
ie of nickel. 

rhat no mode of inquiry rttfght be omitted, Mr. ArvidJJo* alfo 
ployed that of Synthefis, that is, he endeavoured to compofe an 
ficiai nickel by combining the different fubftauces which he had 
nd from arialyfis to be contained in this compound and nearly in 
fame proportion. But although the experiments which he 
le with this view are very curious and interefting, I fhaH not 
5 an account of them in this place, left I fhouid extend this ar- 
e to too great a length, and becaufe they did not perfedHy fatisfy 
expeflations of the author; which will not appear furprifing 
hofe who have been accu domed to fuch trials, and who know 
n experience how difficult it is to imitate perfe&ly the combi- 
tons which are made by nature. 

Ve (hall conclude this article by mentioning the properties which 
, ArviJJJon obferved in the nickel that he had brought to the 
ateft degree of purity that he could. As to the properties of 
kel as related by Mr. Cronftcdt , they do not deferve any confider- 
m, the regulus he obtained having been a very impure allay. 
According to Mr. ArvidJfon y the fpeciftc gravity of nickel is to 
t of water, nearly as 9000 to 1000. 

t appears that the more pure nickel is made, the more it ap- 
aches to the tenacity, malleability, infufibiliry, and magnetifm 
ron : At the fame time it becomes more fixed and more difficult 
te calcined, and the more green its calx becomes. It is foldble 
icids. The vitriolic acid attacks its calx, with which it forms a 
en fait contained within ten fides, the cryftals of which are fimi- 
to thofe of alum flattened and truncated at the two oppofite 
remities. The acid of nitre diffolves with difficulty this calx of 
kel. The marine acid, and alfo moft of the vegetable and ani- 
l acids which Mtj Arvidjfon tried, diffolved more or lefs eafi- 
nickel or its calx, and thefe folutions are green or inclined 
re or lefs to this colour. Alkalies, both fixed and volatile, at- 
k alfo this metallic matter, the fixed in fmall quantity ; and the 
Jtion made by fixed alkali is yellowilh, while that of volatile al- 
i is always blue. 

Nickel, although it is alrrioft as difficult to melt as forged iron is, 
en it is purified as much as is poffible, enters eafily into fufion 
h other metals. But Mr. ArvidJJon confeffes that the quantity of 
kel which he was able to purify fufficiently for thefe allays, was 
fmall to permit him to make all the requifite experiments on 
sfubjed. In general he obferves, that impure nickel cannot 
itra£ any union with filver . It is principally the allay of cobalt 
h nickel dipt relifts this union. For Mr. Arvidjfon having ttied 
with nickel which he had purified from ccbalr, found char it 
»ld be cafrly united with filver, in equal parts, without producing 
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• £*£2? altfcrntirifi in its tvhurrrfs, or a*rt I T. - 
inuhira'ed to bo r ax a hvacinrhine eo^t^, m -r n*r- t~-„ n^r.-r. 

Copper unites more u^Kctilrly with mtdLtsz »-*► *»■•’ r w**- 
thelef* forms a reddiih ductile mats, troa «nu iw rr ^ W 
a glafs of a bloody -hyacin thine cokmr. 

With equal parts* or even wtb a br^rr *»- ei r ^r r : 

gives a brittle mixture ; in tvhicb ref pm - i 5r— - -»t«w - 

Mr, vfr<r ; rt^« could nor amalgamate o tie. w * <■» - «»-•*. w 
means of trituration* When well purifcca, *r « *ai 

produces a b itrle al!uv. 

The hyacinfhine odour, more or Irf* iocr-rec »■* — ^ »r* 4 *> 
calxes of nickel, cfpecially rhofe mace bv ~ w — e_ 

picate to glafs, may be weakened, tr mace to c *;■**-*-_ 
lour produced by manganefe mar, rc the nx: rScJUa. neaas* 
refloring the colour is by addition of c::ir. 

' AJJiton to the Article NITRE *f f — = T T' * 

T HE Opinion of Stahl concerning the e-'.— r-f *- — » 

namely, that it is nothing hjf rue cimm* ;n — c ajI 
aimed by combination with the pb’og.’hm of y *. r .. -* 

has been adopted by many, and amor.; thefe. he I>- f - ^ »* 

fupports this opinion by fever al pr.n.u -*»d bv e T rno k tt* 
svlrch art account is given in a memoir that ue4«int«. :br rn* 
the academy of Berlin. 

Several chemifts, among whom is (?.'»» Vr, ha«-e prr'r^ioc he 
iris the marine acid that is changed into the nit***-**, arc r.-'t r- 
firmed rhaf they know the mean:. of this niDi!crnu:we. Ru % 3 c: 
promifes have never been realized. 

]r is ceediefs to relate heie all the hypotbrfes which karr '*«a 
fxmed concerning the origin and the pr»*iuct n ! the 
acid, as thev may be found at roll length :n the c* : i cc-oo yr it*; 
bv order of rbe commiflaries appoimed by the ac-iicmy ot l irea^fr. 
to *d ; udge the p r ize for the bell refearrhes oo the n t* h%*i cl wak- 
ing falt-petre* for the year i -Sv* We ha*e region to be. wr rat 
after th’* pr ze has been adjudged, and the refearcbe? ni the irr rr* 
coir jv'iui.rF, as well as of the comaiiflaries themfelve*, ibnfc 
undertaken % very' complete fet of experiments on ifcts wc 

{ball be able to form more tuft and precise ii"cas than before ot tS* 
important cpteilion concerning the origin of the nitrous aod. 

At I ha*e the honour m be »»ne or the comm ; flires, and s* * 
have had thereby an opportunity of knowing the memoirs vt " 
b.«ce been lent, as v*e;I +* rh. experiments in mhuh the acaermo- 
an*, who are to adjudge the pnxc, are engaged. I tottu5iutr »r* 
fett here a part of the ifrpor**n' di:coverie* fha? w:^ re * o!t trew 
Ahcfc re lea i ekes ; but as tnc*e ;i q rites ate net \ct fttiftied, and 
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« authors and their difcnveries ought to remain unknown, til! the 
ize has been adjudged, 1 find my kit under the necelfcty or being 
cot upon this fubjedh 

I (hall only fay, that the Cole matters capable of the put refaction, 
lich produces nitrous acid, are tl»e fubfiances which compqfe the 
dies of animals and vegetables, efpecially the former, and which 
rrefjre feew to defer re the preference. N evert helefs, a confider- 
onof forae importance teaches us not to exclude vegetables inthe 
iking of nitre. For experience ftiews that the nine which refults 
m the put re fa# ion of ibbiUiues that are purely animal, is no- 
ng but a lalt -pet re with an earthy bads, to which it is neceflaiy 
add a bafis of fixed alkali in the fubfequent operations, to tranf- 
m it into a cryttallizabie falt-petre, fit for the 'purpofes for which 
s ufed ; whereas the nitre to the production of which the putre- 
iion of vegetable matters has concurred, is found go be fumilhed 
rurally with the quantity of 6*ed alkali that is neceflary, iq 
ter to make good falt-petre. It appears then, that the mixture* 
ft fit for the production of falt-petre, ate thof$ which coptaiq 
irly as iquch vegetable a$ animal matters. 

But it is not futficiem merely to accumulate tbefe putr.efcible. 
tters in large mafles and to let them remain, in order that nitre 
luld be produced. If that were fufbeient, the matter of houfea 
office ought to contain an enormous quantity of nitrous acid, 
tthis matter, however old, is not found to contaiq any, when it 
aken out of the pits. Th^ rcsl’on is, that the putrefaction is not 
npleated. It frequently happens, that this matter, although 50, 

, or even a hundred years old, is found to have as fetid a ftnell, 
en taken out, as if it were only three or four years old. The 
tie of this want of com pleat putcefadlion can be nothing die 
m the want of air. The event i§ very different, when thefe 
tters, or any others fufceptible of pjut relation, ace divided amf 
tributea in porous earths which are in contact with. ail. Thc^ 
(refaction and. total decomposition which tb«ih fplioiy, happe% 
much more fpeedily, as the putrefciblff matters are difperkd a- 
>ng the porous earths in lefs quantity, and are chore fore fo muck 
>re expo ted to the immediate contact of the air. Accordingly ig 
sbferved, that the earths of this kind which are mixed with f 
mall quantity only of putreicible matter, are thole which furnifli, 
t-petre moil quickly and moll abundantly ; ai*d this is a circum- 
nce which ought to bp much attended^ to iq the conftruction of 
re-beds. 

For the fame reafon,' the porous, friable, and aerial earths, as 
careous earths, are of all the mod favourable ro the produ&ion of 
re. It is a fa&, that a fmall quantity of putrefcible matter, as 
ventieth, for infiance, being dillributcd in an earth of this nature* 
h with the other circum fiances necefiary to putrefadtion, be fy 
ii totally 
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totally decompofcd, t bat in one year no degree of fetid fmdl Gall 
remain, and that falt-petre may be then extracted from the mixture. 

But as the quantify cl lalt-peire will depend on the quantity 
putrefeible matter that has been totally decompiled > and as the 
conditions necellary to putrefaction are well known, it is e.iiV to 
deduce from thence the belt methods of producing m putrcic.ble 
mixtures, the quickcft or the moil copious nitutcauuii that 
polfible. 

Thefe conditions are in general the fame as thofe of all kinds cf 
fermentative movements, that is to fay, a continued heat from 
to 50 degrees of Reaumur's thermometer, an habitual moUtiue, anti 
above all, the tree need's and contact of air. in older t*> compliM 
the putrefaction. To thefe circumftunces m 1: il be added Vie uepu- 
fite fhelter, to prevent the rain Irom walking away the putrclciuc 
matter, or the nitre as loon as itislormed, I nwike not the k:U2 
doubt that nitre beds may be formed, which may yield much larger 
cj u entities oi nitre, than any that have been vet made. 

Upon thefe principle.., it follows that as eaiths do not ferve to any 
purpofc but to divide the pan viable nutters, and 10 accelerate 
tire completion of the pun emotion, by facilitating the accefs anti 
the contact ot the air, thty are not necellary to the pioctbol mak- 
ing nitre ; and other matters lei's weighty and bulky, may prrh ys 
be fub Hi tuted in their place to ad vr.r. r.;gc ; luch ;.s frnall flick?, 
fagots, batk of trees, all which might be ilrongly impregnated will* 
the moll common animal matters as excrements, and accumulated 
in heaps that ate very conikleiahlc, and arthc lame time permeable 
by the air. It would be ealy to keep up in thcic heaps a pr. per 
degree of mnilhire, either by watering them or by placing them 
in humid fubtetrnnean places. The lakoiious manoeuvre uf (lu- 
ting ar.J cxpoling to the air all the luthices ot the putrefcble nut- 
ters, would in this calc be uiinecelllirv. The moll expenlive ck- 
turn dance would be to keep up an habitual heat of about p* deg»ec* 
of Ketinmu? % s thermometer. If the operation was required to go 
on lpeedily, (loves would be necellary in this climate, during eight 
months of the year: But the greater produce would perhaps amply 
compeniate this expence. Mot cover, although all appearances 
are in favour of the i needs ot th.s kind ut mixtures treu'td in ths 
manner I have mentioned, I cannot abfoiutely w at rant itsfuccc fs, 
becaufe I have not yet made the experiment oi it, nor do J know 
that it has been made by any other perfon. 

But to return to what has been lung known concerning nitrous 
acid, I fhall oblerve that it is not found dilcngaged, but as ialt as it 
is formed, it combines with Inch, matters as it can diflblve, and a 
me found within its reach. Thus it is fometimes found united 
with a fixed alkali and ionns cor.lequently ordinary nitre, Inch ai 
the nine found in phmu cr ior.iKu by the putiefaCVion of vegeta- 
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rs. But it is mod frequently combined with ah Corbet) t earths,, 
caufe it generally meets with thefe earths in the places where it 
formed in grcareil plenty. It is therefore commonly found under 
r fori n of nitre with earthy hifis . 

There are fome earths in which a confiderable quantity of fiilt- 
tre is habitually formed, well cryilallizcd and with a balls of fixed 
:ali, and may be obtained by a finnple lixivium, without any addi- 
n of afhes or of fixed alkali. The Duke of Rochefoucanlt obfer c< d 
'rear deal of this kind of earth forming a tfratuin of fevcral lines in 
ckncfs, upon the fur face of the rocks of chalk, in the environ fit 
Roehrguyon* A remarkable ciicumihmce is that the nitre is never 
n:d with a balls of fixed alkali, but in the neighbourhood of inha- 
ed places, as Mr. Lavoifin obferves, who alfo v ilited thefc rocks : 
ideas the nitre that the Duke of Rochfoucctult procured from 
:fe chalks whether on the furface, or at conlidcrable depths, in 
ices at a di fiance from any Iioufes, was conlhv.itly iound tef have 
>afis or calcareous earth. Tlicic is reafon to hope, that the Dole 
Roche feu cault, M. lhuquct vvliowas alfo concerned in thefe obfer- 
dons, and M. l.avoifier , will poblifii the iefea»ches which they 
veinade upon thefe earths. They cannot fail of being very 
;crefling. * » 

According to Mr. Bowl's, in his ItilrodufUion to the Natural Hifory 
l Geography of Spain, the nitre which is obtained in large quar.- 
ies in l'cveral pans of that kingdom, has alfo a bafis of fixed 
Lali. But far from concluding from thence, againftall probnbi- 
)*, and even againft the befl atrefied fafts, (as Mr. Bowles does) 
it the fixed alkali of this. falt-petre, as well as its acid, are habi- 
nlly formed without the acid of animals or vegetables ; np chemill 
ill make any other deduction fror.this faff, than, that as in hoc 
•Trues the putrefa&ion of vegetables happens in lefs time than in 
Id climates, thofe plants, from whole decompofition the nitrous 
id is formed, do alfo yield a portion ot the fixed alkali that -is no- 
flarv to conliiturc if perfect nitre, 1 fay a portion, bccaule it is 
obable, that in thefe lixiviums of nitrous earths in Spain, there 
alfo a coriiiderable quantity of falt-petre* with earthy balls, which 
loft, becaufe no. tribes nor fixed alkali are mixed with it. Tiffs 
mnot be afeertained from Mr. Bowie* s account, bccaufe he has 
)t made .any experiments on this matter. 

Another ta£l pretty remarkable is, that certain kinds of allies 
hich contain little or no fixed alkali, fuch as the alhes of tire 
‘amarifk, do hpvvcver, when added to nitrous lixiviums, contribute 
much to the production of a falt-petre with bafi9 of fixed alkali, 

> the allies tliac are the molf rich in alkali. This fa Cl is certain, 
nd has been verified by M. Tronfon du Coudrav. an officer of the 
til|ery, Correfpondcnr of the Academy of Sciences, and diilia- 
uifhed by his knowledge in chemifiry. This would feem to prove 
H 2 that 
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that the addition of fixed alkali is unnereflary in the lixi v iarlon of 
nitrous earths. But this is only a deceitful appearance. The mat- 
ter may be thus explained. There are in fa ft lb me kinds of vege- 
tables whole alhes contain little or no dilengnged fixed alkali, But 
they are neverthelefs filled with vitriolic neutral fal;s with balls of 
fixed alkali; and it has been afeertained by feveia) chemiiis and 
efpecially by M. Lavofcr and myielf, that nitre with tails of cal- 
careous earth and neutral vitriolic ial s with balls of fixed alkali c<> 
mutually decompofe each other bv means of a double ailhuty ; that 
is to fay, that the vitriolic acid of variolated taitar, or cl Glaubcfs 
fait, is transferred to the calcareous earth of the nit e wirh earthy 
balls, with which it forms a felenitcs that precipitates; while on 
the other fide, the nitrous acid unites with the fixed alkali thus 
abandoned by the vitriolic acid, and tints becomes a lalt petre with J 
balls of fixed alkali, no lefs per left and crvft.illilabie, than if to the ‘ 
nitrous lixivium had been added the quantity of difengiged fteed j 
alkali that is ncccfiary to the total decotripulition of all the cure ’■ 
with earthy balis that it contained. i 

We may eafily undeiitaiid, from what has been faid concerning | 
the generation of nine, that the quantity of this fait ought tube I 
•very variable in the earth in which it is formed. In general, it is l 
not very conlidcrable. There are lomc of thefe earths which do 
not yield more than two or three ounces per hundred weight; ami 
the ricbcft of them, which are compnled of therubbifhot old 
Itoufes, do not yield inoie than one pound. But there is tea (bn to 
believe that by artificial nitre-beds judicioufly formed, that is, by 
a concurrence of all the eircumitances which experience fhews to he 
neceflary to the production of nitrous acid, efpecially the accelsof 
air, fheiter from rain, the mod favourable degrees of hear and 
jnoithire, this -production might be considerably battened and aeg- 
men ted. 

Addition to the At tu U PHLOGISTON cf the former Edition* \ 

) 

T HOSE who are acquainted with the detail of the phenomena 
of chemical operations, and who po lid's the genius of the 
fcience, that is the laculty of perceiving and comparing the rela- 
tions which thefe phenomena have to each other, are well convinced 
that the molt pure and limple matter of fire, notwithstanding its 
extreme mobility, may be combined with even the molt fixed 
bodies ; that it lofes by mean* of this combination, the rapid motion 
and other properties which char. Tier ife it ; that this igneous prin- 
ciple communicates to the compounds into which it enters as a con- 1 
ltituent part, the characters of coinbullible and inflammable bodies ; 
that the combuiiion of thefe bodies and all the cficcrs which ac- 
company ir, are produced by the difengaging of the fire, wlbcfi 
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pitfes from the (late of combination and fixation to that ofliberty, 
and to its natural mobility; that this fire, which when combined 
and fixed acquires the name of phlogifton, may like other chemical 
agtnts, pal’s trom one combination into another without becoming 
difengaged fire, and confidently without producing the pheno- 
mena of eombuftion : fo that the combuftible body which cranfmita 
it remains no longer combuflible after it ha 9 thus parted with it, 
while the new body with which it combines becomes combuftible, 
although it was not fo before its union with the igneous principle* 
Moreover, all this theory, founded on fa&s as numerous as incon- 
tedable, contains nothing that feems obfeure to thofe who know 
the fads, and who have been accuftomed to fee them. It is not fo 
however with fnme other perfons, who although they have never 
been at the trouble to underhand or even to read the good books 
that have been pubiifiied oh chemiftry fince the revival of the fei- 
ences, thar is to fay, from AV/i4/indu(ively, do not however hefitate 
lopafs their judgment on them. The theory of phlogifton feems 
to be reprobated by them becaufe they do not underftand it, nor 
hare the lead idea of the proofs on which it is founded. A fub* 
ft i nee fuppofed to be material, although it cannot be confined in a 
pure and difengaged ftate in a bottle, as acids, alkalies, and other 
chemical agents may, appears to them to be a chimerical idea, 
which has no exillence but in the imagination of chemifts, and in- 
rented to explain well or ill a number of fads, and of obfeure and 
rmbarraffing phenomena. 

The moft prudent condud would be to leave thefe perfons in 
their opinion without making new efiorts to clear up this matter. 
Neverthelefs, as chemiftry muft gain by being better and more ex- 
rcnfively known than it is, I (hall here add (ome confederations 
rebting to phlogifton, the idea of which was fuggefted by what I 
lure faid concerning the nature of fire. The opinion which I have 
adopted in the article on FIRE confifts in acknowledging no other 
igneous fubftance than the matter of light, and in confidering heat 
only as a movement of ofeiilation or vibration, of which the aggre- 
gant and condiment parts of any bodies are fufceptible, when they 
irelhook by the impulfe either ^ light, or of any other matter in 
motion. If this opinion be well founded, it necefiarily follows, 
that heat not being a peculiar matter, but only a modification, a 
mode of exitlingof which all kinds of matter arc fufcepiible, cannot 
any more than motion, enter into any combination, nor be fixed in 
any compound as a principle or condiment part. Accordingly 
pbtozijloni or the combined fire ofehemifts, is nut heat, or any thing 
rcla-ive thereto. Hut as combuftible bodies produce in their com- 
bullion all the phenomena of fire, the igneous principle, to which 
they owe this property, can therefore be nothing elfe than the mat- 
ter ot light, which, when it is difengaged frem the fetters of com- 
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binuticu, produces not only the phenomena peculiar to it, bat rd'a 
he.it, or the movement of vibration ot the particles ol bed. is in 
which heat ell'enti.illy cnnli lb. 

It loiious from thence that th,c names ot the iozeoui prinift, 
ccmhiucti' /./v, ivjja’w.'ta hr pro.ci/Lry or bitty, that ot phlo* 
do e\j)ie:s nothing elle than the matter ol h^ht ccniidertd 
a- tixt in mixta as one of their conlfituciu parts. AA the d.i* 
Jiculfy aiul oblcuritv which thoie who have not read and under hood 
the works of the betf modern chemifts have foimd in the theory of 
phlogi Ur, n, proceed foieiy Irian this, that they have not had a ckst 
idea of the nature of lire, and Irom cunliuering heat *as the Laic 
thing as lire, whereas it is only one of the eticvfs ot fire, and an ef- 
fect which even is not peculiar to if, but which may be produced 
by any oilier matter, provided it be animated with a iuriicicnt quan- 
tity of inteltine motion. 

bhlogiilon is then nothing elfe but the peculiar Jubilance uf 
light fixed mediately or immediately in a great many compounds, 
of which it is one of the principles, and depiived, w hile in this 
iiate of fixation, of its mobility, and of the other propel lies which 
diliinguilh it when it is dilenmmed. 

Li '$ht being acknowledged a material fubftance, whole motion, 
elaliicity, retrangUv lity, and refiexibiiity are known, which may be 
uircHed, turned alide, rcikfted, concentrated, difpcrled, 5c c. which 
may be even decomposed and rcconpofed, there is no more difh- 
cuhy in conceiving that it unites and combines with any other kind 
of matter, than in comprehending that air, water, and earth arc 
fuiVeptimc of t’nefe unions ; and nobody has ever I'uggelted a doubt 
that the air, water, and earth that are obtained in the chemical ana- 
lylis of triixfs, iveic combined in theft* mixts before their o’ecompo- 
fit inn . Why flrould not the fame take place with regard to light, a 
Jubilance which is indeed polHlled of a greater degree < f mobility, 
hut is no le!s matctial than water, air, and ear: It r Can there be 
any kind of matter that is not ltd juried to attraction, or to the ge- 
neral tendency ot the parts of matter to evcli o her, and thntisccn- 
ftqmotly capable of contracting all imaginable union?, when no- 
iIit i< bus thele unions ? C.m a m;it ta inch as light, uitii the 
curious p'opcrtiesol which, not only chcmnis but perfons tbe lead 
com v riant in nati.nl philoinphv ate acquainted, be cc nfidcred as 
an imnginaiy being? V» hen it is demon'.irrtcd by the melt nume- 
rous and belt afcertaii ed tacts, that this tub dance, to which none of 
the properties of matter aie w anting. k really combined as a ccnttiru- 
ent part in a great many compound bodies, and particularly in cc:n- 
buftible bodies, fl all wc not be permitted, to denore it by a particu- 
lar name, Inch as that ot y./7.v: to diftinguifn the portu n ot 
light which is in this irate ot combination and fixation, l oin the 
portion ot the lame matter, which not being combined, pc Ik lies all 
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:he *mbifity that chara&erifes it in its fute of liberty? Chcmifts 
conviinrd hv multiplied and inconteftable experiments, that tar, 
rdins, bitumens, coal, metals, and, in a word, all kinds of com- 
buftibie bodies, do daily form with the vitriolic acid, which is not 
rombu&ibie, a combuftible compound called fulpbur ; and that the 
Mmtiuftihie bodies. employed in this combination, lofe their com- 
^uilibuity in proportion as tiiev contribute to the production of a 
•'rearer quantity of iblphur; have from thence concluded, that in 
ill combuftible bodies there is a matter combined, a principle to 
vhich thefe bodies owe their com bu ft i bill tv : and that it is this 
ame matter which quits them in order to unite with the vitriolic 
ic’.d with which it forms the new combuftible compound. 

The fame chemifis, after having fuhje&ed to all the imaginable 
proofs the fulphur which they produced in the different combina- 
tions above-mentioned, and after having afeertained with the clear- 
ed: ev.dence that this fulphur was always perfectly the fame, and 
abfoiurely identical of whatever nature the inflammable body was 
which iurnithetl the phlogiflon, have thence concluded, that as the 
vitriolic acid of this compound was conflant, nothing could occaflon 
any difference but the inflammable principle; and as no difference 
rxifted in rh:s principle, or in the lulpluir thus formed, therefore 
this phlogiflon was itfelr an invariable fubflance, always the fame, 
laflly, quite identical in any combuftible bodies* 

This truth has been confirmed by an infinite number of other 
facb as certain and as decifive as the artificial compofition of ful- 
phur, and efpecially by the reduction of all metallic calxes. For 
moll metals when expofed to the action of fire with the free contadl 
of air, that is to fay, with the conditions neccflary to the combuf- 
tion of combuftible bodies, lofc more or lefs completely their metal- 
lic appearance and properties. Some of them even burn with a very 
fenlibie flame. From thefc fadls chemifis have concluded that thefe 
compounds contained the principle of inflammability or phlogiflon. 
They found that the earths or allies remaining after thefe combuf- 
tions might be again formed into metal whenever any combuftible 
body containing phlogiflon, and capable of refloring to them what 
they had loft was applied to them ; that this combuftible body em- 
ployed in the reduction of metallic earths, loft its ccinbuftibiliry in 
proportion as it communicated this property to the earths thus 
reduced into metal* They concluded lrom thefe facls that the 
phlogilloii had palled from t>.e combuftible bodies into the metallic 
compounds. Laftly, they demonflrated by the moil Ample and moil 
certain experiments, that the earth of any metal, fuch as that of 
letul, for inftance, never formed any other metal than lead by its 
combination with phlogiflon ; and that of whatever kind the com- 
bjftible body was, the phlogiflon ot which was applied to reduce 
cal:: f fiend, whether it was oil, reltn, fat, wood, coal, or even 
H <[ Line 
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forne otlier metal, there refulted from all thefe combinations a leri 
always exa&ly the fame without the lead fenfible difference. Fiom 
thefe fa 6 b they have concluded that the principle of inflsrrmabihnr 
tvas a con da nt being, always the fame, and always fimilar to irfdr, 
in a word, an identical being throughout all uatute, in the feme 
manner as air, water, gold, and many other bodies more or lefs Gra*f 
pic of compounded* but con dan r, identical and in variable each, 
in its kind. If this be not a legitimate conclusion, a cotkIu&mr 
which necelfarily follows fafb ; if we are not allowed to fay that* 
gtobule of pure gold istntiiely fimilarand identical with anoths , 
globule of pure gold ; that a drop of pure tvater is the fame knd & 
matter as another drop of the fame water ; that a molecule of ligM , 
imdecompofed is not different from another molecule of the feM 
lighr* h mud he acknowledged that all reafoning nuiH ceafr, m 
only iri chcmidy, but aH'oiu eVefy other kind of fcience or knJ 
ledge. I 

1 have already made mod of thefe remarks in many' places of* 
former edition of this work, and even in the article i 

I mud afk pardon of the attentive and intelligent readers for tkilf 
pitition. But it will be acknowledged that I am obliged to it,! 
the following pa fla gc in a work printed in 1774-* 44 The fam 

44 phlogidon of chemids (a being of their method, rather tha^ 

44 Nature) is not a fimplc and identical principle, as theyr pretd * ' 
44 It is a compound, the produce of an allay, the refult of the ~ 

44 nation of the two elements air and fire y fixed in bodies. W 
u out therefore entering into an examination of the obfemre an* " 

44 complete ideas which the cendderfttion of this pmarioxs b - 
44 could fugged, let us condder our four real elements, to u hief - 
44 chemids, with all their netv principles, will be alway s obi ~ 

44 ultimately ro fecur* &c.” - . 

Here is a decifion, which confidering whence it comes, 19 - . 
certainly be a levere cenfure upon all thofe who have engag 
chemidry, ftneethe renovation of the fciences, if it were roe* 
and had been pronounced after a fudieient knowledge of the r - 
tion had becrl acquired. 

I know very well that it cannot make any impreffion upon ^ 
who give thcinfelves the trouble ferioufly to dudy chemidry, _ 
underdand truly this fticncc, and that in this refpeff, it wm 
fuperfluotrs tojuftify ir. But I know alfo that the number of ‘ 
true chemids is very final), while that of the readers of the w* 
theilludriouB author whom 1 have quoted is vety great, and iri 
tain, that thefe latrer, who com pole al mod the whole of the 
and who know the name only of chemidry, mud receive theii . c - 
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H this celebrated writer, whofe authority is of fo great weight; 
l as an unfavourable impreflion mud .neceilarily be the lelulc, 
ich may be fo much the more hurtful to the progrefs of fciencc, 
t would be more general, I believe that it is indilpeniibly nccef 
i tpjwfiify our modern chemifiry trom imputations io lituic 
rited. 

i muft therefore beg leave of the readers, and even of the illuf- 
>us and fevere cenfurer to whom I reply, to make fome fhoit 
legions, which will have no other end but to lay before him the 
th, and to infpire him with ienriments more favourable. 

I he phlogition of chcmifls is repreiented as a being of their me 
4 rather than of nature. Upon this tve fhall oblerve that the 
n method which ufed to have a favourable bonification, mud ire 
c taken in a different fenfe, iince whatever can be called met ha 
iroferibed in the works of this writer; but we mud remark, that 
atever idea can be annexed to a doftrine that is denoted by the 
preffion method \ it certainly is not applicable to the dodlrincsof 
chemiih in any age. The pretended method of chcmifts does 
:refore cxiftonly in imagination. For if any fault is to be found 
th them it mud he on account of their want of method. They 
rcr were before blamed for having any. Whoever would be at 
: trouble to read their works, would pcrceive that they coutain 
thing more methodical than the works of the phiJofopher who 
is generally blames all kinds of method. Secondly, it is faid, 
it phlogidou is not a fun pic identical principle , as cbcm'Jls have re- 
lented. In this charge we find an allay of truth with falfehood, 
iich ought to be parted. It is true that chemids do reprefetu 
logifton as an identical principle, as the fame being, or fame kind 
matter, whatever be the nature of the compound bodies in which 
is combined. And if there be any truth demondrated in natural 
lilofophy, ^his is certainly one, as appears from what we hate 
d above. But it is abfolutclv contrary to truth that chemids 
ve decided rhat pblogidon is a limple being. They declare ttoit 
ey have no certainty of the abibiute fimpliciry of air, water, er 
en fire, and they have formally explained rhemfelves on th s 
ad. How then ihould they attribute fimpliciry to phlogidt; 
hich can be nothing elfc but pure fire, or fire combined with 
me particular matter necefiary to iix ir, with fome intermediate 
bftance by which it may be rendered capable of combining with 
her fubftanecs ; and in this cafe it would evidently be a freondar 
inciple, or a compound body. However weak they may be fup- 
>fed to be, th is absurdity exceeds the bounds of probability., J: 
»>' one will be at the trouble to read what is laid on this fubjeft in 
is article, he will fee that the opinion maintained is that, the 
inciple of iuflammabiiirv can be nothing but either the mo 
nple and pure mallei oi fire irfclf, or elfe tins fame mattered? 
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l)inca with fomr. p-.ttlcuiar iubdrnnce which is uhvay: the urr. 
Ch~mfis ha*, c ihu^iilt uncxc'btd tin* rjncMion concerning tl.r .,!*• 
folute {implied v ot tin: principle of inflammability ; but as it aa- 
pears, this celebrurt d auric t h\* not Itch hmlibir of thtur roru’*''! 
in this rc'pcct. He irmitli has however taken upon him to c*.c\^ 
the quclbon. Me ha. pronounced that t hr: ptmcip’e ir.fi unma- 
b'llitv, f-h' :: .vryh.’/y cf v.n v.r /* .? cnricu.m^ it, r r. It e/ L 

two t'kn .- «tV ';.r, <: :> /'V/:Va. 

Although r.rib civ is more tciMibie than I are. of rfie value ot :* .>e 
ideas of fibs ill' .ftrie.uk r, itu: aV.r. th:u ep:r. on appear*? to conrr.w 
to the belt a?ct r:*» :nc •! chemical far ts, that 1 find tvyftrit dag d e> 
explain the re.dcns te *t prevent me 1 10111 adopting ir. I arr. gain" 
then to refute the opinion of :i gieat man whom ] honour. ’Ih'3 
relief on lias, ahnui: ’.topped my pen. But ran 1 J< at* that } fail 
trefnafs upon the re.ptoi dut* to him, if I d«> only me that liberty 
of tentiment in matters ci Ic.cnce, o( which he jo w«li knows the 
rights and advantages, and which can never tail to he 1 egul >?eb r .y 
the rules of gnod-hieeding, when it has no othet inline ih».n lie 
love of truth. 

Let us obferve fd it, that ii it were proved that ;he r!f renter 
fire cann >t be fixed m b' , dsr*, while it is pure ami (m.plc; tie ’ it 
m'cen.nnv requited to t e combined with another rhn.ent ; that tins 
Clement nura:r; in a word, that phlugifion wee a compound of 
sbr and fire: ■** rhe'r two fublhmccs arc cunttan: be ; n<g,, each u: 
its kind, ;r ■ < follow, that the* compound u h:ch they would 

fu m in. namely p hl« yo 1 it on , would be alfo a co; ‘.:: at 

si; .. : vatic being throughout all natiue, and that con equenbv. 
tin* cue ‘ills who have icpieicntcd it as identical, not from renli n- 
ini's, l>iu from a multitude of conciufive tacts, ot which I hire 
made mention, would not have merited the reproach that has been 
thrown on them. 

But this is nm the principal obi* ft here. It is nrccfi.try to know 
what the matter nt fire iy to decide what property ir is known to 
have, wh:ch ditqunlifr/s it from entering as a pine and fimple prsn- 
ciple into the comnoldion of other hediey all the orhc kinds rt 
matter do to K^emupc whether their be only one fnbluncc cap- 
Lie ot binding rh'5 mirier ol fire, and of lining empdo ed as n rc* 
cefiary intermediate tubfrance to fix ir in the eonibira'ion ufc'-n> 
pounds. W c ought further to determine if their be .mv or fhs 
bafts known in chemiliry which prove tint »h : s fubli.mce, width i- ; 
thus capable ot hm.ning phlogifion by its union with the maiicr or 
fii4*, is tiir. 

Lnhly wc e.ught to examine if all the chemical fnfts do no: on 
the contrary unite to prove that :he matter or fire has not c*a;?li ,n 
of any intermediate fubdancc, - r <*f .u-v allav, b. older to b*a 
i:i difierent compounds, as enc oi thru* cor. iiituen: parts, ar/J pt f * 
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'PHLOGISTON, 
ticulaiiy that air does not enter into the compofition of combuftiKe 
bodies which contain more fixed fire or phlogifton than any orhcfr 
h ‘dies. I ihull make upon thefc different fubjech the following 
remarks. 

Firft, none of the properties of fire hitherto known, proves that 
this element is any thing but the proper fubftance of light. They 
farther prove that there is nothing material in fire but the pure ftib- 
ltar.ee ot light; and that heat is only a modification, a particular 
ltite, which is not peculiar to the matter c.t fi e, hut of which all 
bxiifa as well as light are fufccptible. This piupofiiion I believe I 
hare proved at the article f irf. 

Secondly, I acknowledge, that before I had this idea of the na- 
ture of fire, 1 believed with the greateft number of Natural Phiio- 
Lphers, that brat was a real fubltance, a matter of a particular na- 
ture, capable of acting, as we fee that fire a&s upon all bodies ; 
that in a word, heat was the true matter of file, the moil fimjdc 
and pure igneous matter ; and that in this falfe idea, not being 
*Mj to conceive hmv this pretended matter, which penetrates all bo- 
dies without being ever fixed in any of them, could never tbelefii 
become the principle of the inflammability of bodies, I imagined 
that :he # e might be in uatnrc a kind of matter, entirely unknown tci 
us, which alone might have the property of uniting diredly with 
dre, and which having thus once fixed it, was the neceftuy inter- 
mediate fubftance by which it might enter as a con fiituent part in- 
to the compofition of combuftiblc bodies. This, I admit, was only 
a coojetflure, which even departed from the opinions of Stab/, and 
was folely intended to explain an unintelligible f:a% of which that 
cnemift had left no explanation. I conlcfs further, that this con- 
jf&urc on the nature of phlcgiilon, having been imagined merely- 
to explain a fa& which I then believed to he true, but which i.s not 
fo, namely, that heat is a fubftance, which in certain calcs and by 
means of fomc other intermediate fubft.sr.ee combines in bodies, 
ought to appear fo much more oblcurc, fo much more vague, an <1 
deftitute of proof?, as this fubftance that is fuppofej to he the ne- 
ceffiry connecting matter by which fire is converted ir.to phiogifion, 
tras not either known, or afcertair.ed, nor even could be alligned. 

It is probable that the illuftrious author ot the JntrcilucUoit to //v 
Natural Hijlory of 'Mineral* , found himfeit no ]efs embanafled than 
I was ; but being bolder, and nor chufing to leave any thing unde- 
cided on fo important a fubjcfl, he attempted to ddfpate all obfeu- 
tity from it, by aligning the matter which is ?o feive to connect 
fire, fo that it may be able to form the fixable fire or phlogifton ; 
and it is ah' that he has chofen to make along with fire, rot *he 
phloj;:lton of chemilte, but hi: own phlogifton, which be calls tiuc 
ol astute. 

Our 
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Our opinion then did nor differ but in this leipeel, twt I did nof 
determine what the fubihmce was which could fcrvc ss an m:fr- 
mediate fubllance to fire, in the formation of phlogiffon, and tbit 
he did determine that (ubftanee. But 1 ought to remark, that it 
was only upon the iuppofirinn that we can demonfirare that the ror- 
ter of fire alone was not capable of luring fixed in bodies, that I 
dared to imagine that an intermediate fubihmce might be neceffny, 
without prefuming to determine what this fubftance could be- But 
if it be proved, as I btlieve it now is, that the tnoft fimpleacd pure 
matferof fire, which is norhing but light, is capable, like any odtr 
kind of matter, of combining directly in compound bodies, it it 
man i ft* ft, that its previous union with air or with any other parti- 
cular matter, is entirely ufelefs and fuppofed without any ntcttfit;. 
I imift then abide by my firft piopofition, which fundamentally J 
the fame as that of Stahl, namely, that pblogifhm is nothing the 
than the moll fimple and pure matter of fire fixed diredlv, ssa 
component parr, in the combination of many bodie?, and ctpeciailr 
in that of combuflible bodies. As then the pure matter of fire it 
nothing but light ; and as none of the properties of light indicate 
that it is not as capable of being fixed as any ocher kind ot matrr, 
nothing here appears indererminate, obfeure,' precarious, and nr 
ought both of us, the illufirious author whofe opinion I contcf:, 
and my fell, to abandon, with a good grace, he his mixture ot air 
with fire, anil 1 my combination of fire with fume unknown mat- 
ter, to which, however, I had no refource, but conditionally ; for 
want (1 confds) of having fufficientiy reflected on the nature and 
properties ot fire, and from my having confounded them with heir. 
In fa£t, if we have occafion only to confider Hi ht as the foie matur 
of fire fr; ;ble in bodies, in order to explain all the phenomena o: 
combufbble bodies, why (hould we fuppofc any other matter with 
which it ought to be combined in order to render it fixed fire , / >* 
gifion , or the principle of the combufiih lity of bod es? Ami>l* 
though even this fuppolition were as neceflarv, as it appears to le 
ufelefs and ttnfupported by proofs, what motive can we have to pre- 
fer air to nil kinds of matter, in order to compofe with fiic, the- 
princij.de oi inflammability, or the true phlogifton of nature. Lt: 
me reflect ever fo much on this fubjedl, 1 cannot difeover any rea'cn 
of this preference given to air ; and not on’y l do not believe tb t 
any plaufiblercafon can bealhdgcd, but on the contrary, ir appeal 
to me to be proved by lads, by the phenomena of comlttfie*, ar d 
of pblogifiicatian, that air and fire do always reciproc.dlv cxclue: 
each other from combining in the fame compounds ; and thatihr'e 
two elements do conftantly piecipitate each uihrr in tin fc two grtit 
operations, to which every thing concerning the union ol the frit- 
ter of fire and its difcngagcmcnl may be reduced. 

The 
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The operation in which the igneous principle is feparated in the 
>ft fenlible and expeditious manner, is combuftion. But it is 
nonftrated by fatfs, firft, that no kind of combuftion can be 
ide without the concurrence and contact of external air : fecond- 
tbat in proportion as the combuftion proceeds, there is a dimi- 
rion and absorption of the air that has concurred to this com- 
ftion ; and thirdly, that the part of the combuftible body which 
nains after the burning of it, contains as much air combined and 
ed, as there had been air employed in the combuftion of that 
dy. Is it nottnanifeft from thefe eifential circumftancesof com- 
ifion, that the phlogifton or fire fixed in the combuftible body is 
)arated from it merely by the adion of the air, whicty takes the 
tee of the phlogifton, as foon as this principle is difengnged and 
comes lire, and confequcntly, that air is the decempofing mc- 
im, or true precipitant of the matter of fire ? 

The operation in which the igneous principle is combined in the 
aft fenfible and expeditious manner, is the reduction of the 
rrhs or allies of metals, into a metallic ftate. But it is now de- 
onftrated, by the moll decifive experiments, that thefe metallic 
nhs or afhes, which are the refiduums of a true combuftion of 
etais, are, as well as the allies of all orher combuftible bodies, 
larged with all the air that had ferved to the difengagement of their 
ilogifton ; that their augmentation of weight is owing to this 
r which is thus combined in place of the difengnged matter of 
x; and laftly that they can never be re*eftab!ifhed in their me- 
llic ftate, by reftoring to them the matter of fire, unlcfs the air 
mwas fixed by means of, and during, the combuftion, be difen- 
agedin proportion as the matter of fire is re-combined with them 
id refume? its former place by this rtdudion, which is really the 
ppofue operation to combuftion. And as no metallic red u iff ion 
an take place without the concurrence and conrad of the ir.at'cr 
f fire, and as a difengagement of air and a pioportionable dimi- 
ution of the weight of the metallic calxcs in every reduction adhi- 
ily happen ; is it not evident, that the matter of fire does in this 
afe feparate the air combined in the afhes of the metal, and re- 
ume its place, while it is thus again combined, and confequen / 
ecome the decomppiing medium of the aerial earthy mixture, which 
(changes and reduces, by means of its own union, into another 
ineoui earthy mixture, that is to foy, into metal : and la illy, from 
ill thefe fads, now rendered incontcftable, ought we not to con- 
lude, that, fo for from the matter of fire wanting the concurrence 
md mixture of air in order to fix it in bodies, and to become the 
)hlogillon of nature, thefe two elements have a kind of incomputi- 
>il»ty, fince they expel each other reciprocally, and fmee one of 
ihern cannot be fixed ir> any body without at the lame excluding 
ihe other ? 

Noiwith- 
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. Notwithllanding the force of thefe confutations which feern ro 
prove evidently, that phlogifton is not and cannot be the Tclu.t rt 
a mixtuie of fire and air ; I confefs, that if lire knew any tbtts 
prhich could prove that the principle of inflammability is uevertbe- 
lefs the reluit of fuch a mixture, thefe proofs or matters of t.ci, 
which ought to be pofttive and dired, ought to be prefen ed ;o 
}bofe which I have alledged. If, for inflance, ue could not dc- 
compofe any combuftible body fo that it (hould not remain in any 
degree combuftible, without a quantity of air dilcngaging itielf at 
the fame time proportionable to the quantity of the matter of fee 
which fhould have been feparated from it; and reciprocally, if :a 
siU the operations, in which the matter of fire enters into a com- 
pound, it were proved, from the circumftances of thefe operaticts, 
that a new portion of air does alfo enter into the fame combinations, 
it would be natural to conclude, that the air is an intermediate fub- 
ftance by which the matter of hie combines and fixes in bodies. 
But I maintain, that no fuch fhd can be adduced ; and I appeal 
to the ttftimony of all thole who are acquainted with tfcie detail ct 
chemical operations. 

For, let any combuftible body, (excepting fur-compounds, fuck si 
wood, boner, &c) be iubje&ed to any analysis or decompofitice, 
without excepting even cotnbuftion, u*c ihail never obtain any s:r 
in thefe dccoinpofitions. The realon, why fur compounds cugh: 
to be excepted, is, that their final) fis (hews, that betides their cwS- 
iVitucnt oily part, to which alone they owe their inflammability, 
they contain alio other proximate principles, from which a grot 
quantity of air may be obtained. Bui thefe latter principles, whick 
a«e chiefly of an earthy nature, do nut poilefs in thcoifelvcs anv 
combuftible quality. We nu.it not then clafs among combuftible 
bodies, any but thofe which in fad are io oi theuifelves, that is to 
fay, thofe in which ihe matter of fire is seally a conftitucnt part, 
and which cannot be entirely decompofed, without the ignro.i 
piinciplc being difengaged from their combination, either by tk* 
combultion which renders it totally free, or by the change uhiih 
makes it pais into a new compound of another kind : in both cafci, 
what remains ot the combuftible body that has been decompofcJ by 
the reparation ot the phlogifton, ought to be, and is, in lad, iocnm- 
buftible ; but with this difference, that when it happens in conic* 
quence of a change produced, the body in which the matter of 
combines hum being incombuftiblc, is tendered by this ueu tinier, 
coiftbuft ble ; which efted ought neccflarily to take place, acti 
docs very l'enfibly happen in the artificial competition of lulphuN 
in metallic redudions ; in a wool, in all opeiationt where tbett 
happens a ftniiUr trantlation of the principle ot inflammabiliiy Iiom 
one compound into another. 

T>*; ; 
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Thefe unequivocal characters of the only compounds that ought 
' be confute! ed as comLuuibie, being determined, I refume my 
opofuion, and I Ly, (bar wo cannot find any fuch combufiible 
;ay Irutn which any poition of air can be obtained by auv means* 
The only bodies really inflammable that we know in the vegeta- 
c and animal kingdoms, are oi '/>, ujhis^ fit , at dent fpiriti % and 
hn ; and when vegetables and animals aie halt decompofcd by 
e action of fire, without (he concurrence of air, by diftillatiou iq 
jfe vdTds, that i$ to fay, without combultioh, the only inflarama- 
e matters that are ob.'uiued, are empyicumatic oils and charcoal. 

Iu the mineral kingdom, which comprehends none but unorga- 
zed compounds, we do not know any inflammable lubilance* but 
'■ umens % or rather their oils % fulpbur , and metals . 

But I fay, to whatever analytic operations all thefe combufiible 
dies be fubjefled, no air is ever obtained. This fact is well 
town to chemiils who are daily employing thefe bodies in their 
orations, and I have my felt verified this fact upon molt conrbuf- 
.de lubflances. I therefore think inyfelf entitled to conclude that 
l the known chemical fa&s concur in proving that the principle of 
imbullibiiity is not a compound refulting from the mixture of air 
d fire. 

But fmee I am engaged in rhis difeuthon, and as it feems expe- 
rt to clear up the theory of phlogitlon, which St ems fo obfcureio 
any perfons, notv/ithllanding what has been laid on this fni»jr& 
f the molt profound chemilts who have written, 1 will add a tcyr 
mliderations to endeavour to throw more light upon it. 

When I mention ray rcafons for believing that phlogifton Is not 
•e refult of fire and air, I am far from wishing to have it under- 
ood, that thefe two elements cannot unite and form together par* 
cular compounds. Such an affertion would be an evident contra- 
ction to what I have faid. 1 have frequently maintained, and I 
ere repeat ir, that all tho parts of matter, whatever diftcience there 
say be amongft them, are’ eflcntiaily capable of combining foge- 
ter, that they even ail tend to this union, ; and that it is cunlhmt- 
' effected when it is not refilled by any particular obftaele : and ir 
dlows from thence, that *ur, and fire or light, being two material 
ibfunces, may and ought to unite and combine together whenever 
tiey meet in circumltances favourable to rhis union ; and as Na- 
iire has, undoubtedly, made all the pofiible combinations, there 
ugbt to exift fome compound of air and fire. 

What l have faid of combufiible bodies, Ihews fufficiemly, that 
f fuch a compound exitis, we ought not to look for it among thole 
ombuftible bodies which 1 have mentioned, although almoft ali 
hat cxift in nature are comprehended among them ; but one kind 
• known which feems to be, or to contain, a compound of air and 
rc, I mean to fpcak of Gas, or the hsfammahk Gafcs . But as this 
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kind of combuftible todies has its aggregation and feveral of the 
properties of air, we can fcarcely avoid considering thefe gafes but 
^ compouncis into which air and tire enter at conltiruent parts. 

The nature or thefe gates, the examination of which is but lately 
begun, is not yet well known. Their inflammability is but juft afcer- 
ta'med.We therefore cannot decide with certainty concerning their 
conftituent parts. It is nor even demonftrated, that air is one of 
their principles. But what is very certain, is, that they donot difler 
from all the other combuftible compounds, in what concerns their 
combufttbility, and that in particular they are fubjetft to the gene- 
ral rule, viz. that none or thefe bodies can lofc their inflammable 
principle by combullion, but by the a&ioti and intervention or pure 
and di fen gaged air. We know alio that inflammable gales may 
tranlinit without cumbuilion, their it. flammable principle to other 
bodies, and pa» ticularly to the earths of metals. I have been a 
wirneisof the various experiments by which M. Moxtigni has ascer- 
tained this important efieift ; and we cannot doubt, that what re- 
mains of thefe gates thus decompofed by this operation, which is 
inllo an elaftic fluid, is rendered as incombuflible, as the rcfiduums 
of all the other inflammable bodies which have loft their phlogilion 
bv a fimilar tianll.ition. Bur, thefe tatts, far from proving that 
thefe comjx)unds of air and Are can enter, without being decom- 
pofed, into the compulsion of combuftible bodies, and become 
their principle of inflammability, or the true phlogifton of narure, 
do, on the contrary, Ihew that thefe gafes are nothing but iniitj 
that may be decompofed, like all others, which owe their inflamma- 
bility t<Mhe pure and limple matter of fire; and lalllv, that as this 
fame matter may be feparated in its (late ot fimpliciry, without car- 
rying off with it ativ portion ot elaftic fluid, to enter into the mix- 
ture of new compounds thete is truly but this pure marter ot fite 
alone that can become the ptinciple of inflammability, by being 
fixed in any compounds : in a word, it is the foie and true phlogif- 
ton and becomes lo merely by being fixed. 

livery thing then concurs to prove that the matter of fire, or ra- 
ther ot light, needs no intermediate fub fiance to render it capable 
of combining with other bodies that ate properly difpofed to join 
and unite, as with air, water, earth, and in a word, with all kinds 
of n* at ter ; that particularly none of its properties ihew,* that it hn 
occafi m tor air as an intermediate fubllance, but that on the cen- 
trin’ air b it's foie and necefl.m piecipiiant, in all thofe occafiors 
where it ceafes lo be phlogifton, and becomes pine and difengagcJ 
fn.-tter ot fti e. And, 1 think, I may conclude Uom all thefe con- 
ft.ierntions that as the matter trt light is a one and identic fubllance, 
r d Joes not ceafc ro he fo by being fixed and becoming phlogifton ; 
phlogjlbui is alio one and identic, I have advanced ; that phio- 
gifton is as limple us the matter oi light is, fincc it is only ih’n Larne 
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ter confidered in its Hate of fixation and combination : laftly, 
the true phlogifton of nature is not a variable being, a compound \ 
of an allay i the refult of a combination of tivo elements , air and 
fixed in bodies . 

t would certainly be ^ery interefting to know how, in what 
umftances, and with what phenomena, the matter of light or of 
does combine with other kinds of matter, to form the feveral 
poinds of which we know by experience and analyfis that it 
cooiliruent part. But by whar means (hall we rife to this fub- 
? degree of knowledge ? The combination of the firft principles 
ridies is inaccelfible to our ienfes ; we have not any idea of the 
re, of the mafs, of the hardnefs, nor of any of the other eflential 
ities of their parts. The primary integrant molecules of air, 
rr, earth, and even the moft compounded bodies, are as unknown 
s as thofe of light j we can perceive the refults of their unions, 
of their reparations, but the mechanifm of thefe wonderful 
•ations is one of thofe myfteries of nature, which will probably 
or ever hid from us. I will therefore avoid giving conjectures 
n a filbject which I know is above my reach, and I will confine 
elf to relate the (mail number of fadta that are Jtnown, which 
e fome relation to this matter. 

tvera! perfons think that thofe kinds of phofphorus which ap- 
• luminous in the dark, after having been expofed to the fun or 
ie light, produce their effeft by imbibing light, and by retain- 
it during fome time. Although this opinion be not proved, 
null agree that it feems to be very probable : and if it was de- 
iftrated, it would prove, that light could adhere at leaft in a 
ain degree to bodies of different kinds. 

f we expofe to the focus of a burning glafs, martial earths fuf* 
ratly calcined not to be attracted by magnets, upon a fupport 
ch cannot com tixuni cate to it any inflammable principle, they 
not indeed reduced thereby to iron, but they are rendered ca- 
le of being attracted by magnets. Af lead in a great many of 
fe calxes differently prepared, on which I have made this expe- 
ent, I have not found any of them which could not be rendered 
able of being attracted by this method. But we know that the 
h of iron cannot acquire this property but when at the fame 
e it approaches to the Hate of iron and refumes its phlogifton ; 
as it can receive this phlogifton only from the light, or rather as 
light becomes the phlogifton thus received, this lcems to prove 
t a part of the light of the focus that thus falls upon the mar- 
earth fixes and combines with this earth. This effed would be 
bably much more fenfible, if thefe experiments were made in 
t veflels of glafs, as is indicated by the experiment of the re- 
gion of calxes of mercury wirhout addition. 
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It is at prefent proved, that the calx of mercury called preelpt* 
fate per /? , that rcJ precipitate , that turbeth mineral , and even all the 
true calxes of mercury, may be revived into fluid quicklmer, 
without any addition, by the application of a proper decree of 
heat. As this reduction as well as that of all the other metallic 
calxes can be effected only in proportion as thefe earths refume the 
fame quantity of the principle of inflammability which they had 
loll during their reduction into the flate of calx, it follows that 
thole of mercury are reduced into fluid quicklilver in the experi- 
ments abovementioned, merely becaufe the matter of light which 
can pats through vellels, especially when red-hor, again re-com- 
bines in a luliicicnt quantity and intimately enough with the calx 
of mercury, to become its phlogiilon, and thereby to re-ell. iblilh 
it in its metallic llate. But a circumflance to which it is efl'entiai 
to attend, is, that thefe reductions of mercury, without the con- 
currence of any other igneous principle than the matter of light, 
do not fucceed but in proportion as there is no communication with 
air, as 1 have explained at the article tkpblo^ifticated air % for if the 
fame degree of heat be applied in vellels that are not perfectly 
dole, then the revival does not happen, but the calxes retain 
their calciform llate, are fubliined and even may be fufed into a 
vitreous matter, as is laid in the notes to the Englilh Edition of the 
Dictionary of Chemillry,* and according to the experiment which 
M. Btitiune affirms to have made. But is not this one of the taels 
which prove not only that phlogiilon is not a compound of air and 
iire,but that on the contrary, if any lubllance is capable of prevent- 
ing rhe matter of lire from uniting in compounds as phlogiilon, air 
has cutainly this property more than any other fubllance. 

It appears from the fa<fts that I have explained, that we beg’n 
to know tome artificial operations, in which dilengaged fire orpuic 
matter of light is fixed in certain bodies, and becomes their phlo* 
gition. Perhaps, when we obferve more accurately and more at- 
tentively what happens in many other operations, we may difeover 
more inllances in which the fame effeCl is rendered evident to o.r 
fenfes. But all thefe particular cfletfts are nothing in companion 
of thofe which nature continually produces in the great. The 
whole furface of the earth is covered with an immenfe multitude j 
of vegetables which fpring daily and are renewed ; and thefe vege- 
tables, from which animals draw their foie nourilhment and the 
fubllance of their bodies, are filled with combuilible principles# 
Whence proceeds the immenfe quantity of oil which they contain, 
and which may be obtained from them by decompofition ? It is cot 
the earth which can turnifn it $ lor the eaiths the moll favourable 

to 

This obfervation was taken from a note in Dr.Lmvi’s edition of AVwr**’* 
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vegetation, contain but very little of it, in comparifon of the 
its which grow in it ; it is further very eafy to (hew that the fmall 
ntity of oily matter contained in the earth is extraneous tp it, 
owes its origin to decompofed vegetables and animals. This 
of vegetables, which becomes that of animals, and to which 
y thing combuftible feems to owe its origin, is then eflentially 
produdt of vegetation, and the entire vegetable kingdom is the 
it (hop in which nature makes the fird combinations of the mat* 
of fire, probably by means of their organic vital adtion, and by 
echanifm entirely unknown to us. But what we begin at lead 
:now fuflicicntly well, are the fadh which prove the great in* 
nee of the pure matter of light in vegetation. 

1 the. world knows that plants, even in the bed ground, expofed 
ir and to the degrees of heat that are mod favourable to theit 
vth, do neverthclefs languid, are difcoloured, become long, 
i, and feeble, do either bear fruit and flower imperfedtly, or 
at all, when they are not in immediate contadt with the light of 
fun, or at lead with full day-light. 

c has been condantly obferved, that thofe plants which are en- 
cd in a place into which light does only come in at one fide, 
ine them lei vea towards that fide where the light enters, even if 
c towards the north. 

Ve know that the middle part of certain plants, as cabbage and 
ices, of which the inner leaves are gathered together and de- 
lei from the. light by the external leaves, remains white and 
ery, while the external part of thefe plants is of a full green 
much lefs watery. Gardeners know very well that the only 
ms of giving to certain efculent plants that waterynefs, which 
lers them tender, and that whitenefs which is efleemed, is to de- 
1 them from light, which they do by tying their leaves together, 
>y covering them with earth, draw, &e. 

*altly, M, Mccfc , has given us a very interefting feries of et- 
iments in the Journal of the Abbe Rojicr . Thefe experiments 
v in a more ftriking manner the influence which the contadt of 
e light has upon all plants, and the neceflity of this influence to 
etation. And as we cannot doubt but that thofe watery, colourlefs 
nts, which have not received much light during their growth, 
Id lels oil in their analylis than thole plants which have enjoyed 
benefit of the full influence of light, it is a fuflicicnt proof that 
proper fubflance of light is fixed in all plants, and enters ma* 
tally info the compofirion of the only one of their principles that 
oinbliltible, that is to fay, of their oily parr. 

I am well inclined to believe, with molt chemids, that the light 
omes i he caufe of all colours ; and the opinion which Mr. Opoix 
explained in two good memoirs, inferted in the colledtion of 
- Abb: Rrj?cr t appears to me to be very probable. This able 
I 2 chemift 
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chcmift has collected and compared together in a very fatisfietary 
manner, a great number of phenomena, the total of which l'erves 
well to prove that not only light is the material principle of all co- 
lours, bat alio that when it becomes by being fixed, the phlogifton 
ot bodies, it produces each kind ot colour, according to the manner 
in which it combined. 

I fiiall not enter here into longer details upon thefe fubjecls. But 
I believe that what I have laid upon them, added to the obferva* 
tions in Natural Hiilorv, will be fufiicient to com ince thofe who 
will give themfclves the trouble of relieving upon thefe fa<ft>, that 
phlogillon is nothing but the pure matter of light fixed immediate- 
ly in bodies, without the eoncurreu.ee of any intermediate fubftancr, 
and el pec i ally without the concurrence of air ; that it is primarily 
fixed in vegetables, and that this fixation is effected by the vital or. 
anic action of thefe beings, whence rclults the competition of all oily 
fubihtnees ; that the matter ot light being once fixed and become 
phlogillon in the oils ot vegetables, pal. •; afterwards eafily from 
one combination to another, and enters into many different com- 
pounds without becoming di {'engaged fire ; fo that thefe oils are 
thefirlt origin of all the piilogiftic and combuftible compounds that 
we know. And it thefe ideas, which at prefent are only probable, 
were well demon. lb ated, it would follow that without vegeration, 
there would be neither oils, relins, animals, fat, coal, bitumens, 
fulphur, or metals, on the lur face and within the earth. It is alio 
even probable that no faline matter would exifl, and that our globe 
would be merely a mafs ot limple earth, covered part or wholly 
with very pme water, and lurrou tided with air which would be no 
lets fin. nle and pure. 

Addition to the article PHOSPHORUS of the former edition* 

T H E origin ot phofphoric fait is not yet well known. Mr, 
Ah i ■■ratj lays, that he has obtained phofphorus by diflilling 
wheat, muiuiid Iced, and fume other vegetable matters, and feeir.J 
to be ot opinion, that the phofphoric acid or fait pafles from vege- 
tables to animals. But although the greateft confidence is due to 
what is affirmed by this illutirious chemitl, yet this extraction r>f 
phofphorus from vegetable matters has not yet been confiimec, 
although we have realon to believe that it has been attempted by 
feveral chemifts. Some chemills are even of opinion that the phof- 
phoric acid is produced in animals, and they confider it as the 
animal acid \ It is however certain, that it may be obtained with 
great cafe and abundance t.om animal matters. 

Till lately, it was procured only from urine, and even from Ir.r- 
mnn urine alone, and not from that of other animals. But as iris 
not pollible that the urine of all animals can have been examined, 
we cannot determine whether the human urine is the only one that 
contains it. We are indebted to Mr. Scheelr, whom I have quoted 
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be article Bones of Animal % for an important difcovcry, and 
ich appears very proper to throw light upon the origin of the fa- 
: matter, to which the name of pbofpboric acid has been given, 
is difcovery is, that this acid is contained copioufly in the earth 
he bones of animals. We fhall find at that article theproceflea 
VIr. ScbceU % and a fumtnary account of thofe experiments which 
e been made fince, upon that matter : and 1 (hall only add 
e, that the faline pholphoric matter obtained from bones by 
ins of the vitriolic acid, although proper for the making of 
►fphorus, appears neverthelels to differ in fome refp^fls frcmi 
acid that remains after the combuftion of phofphorus, and 
► that it is not entirely fimilar to the cryftalline fubftance which 
Duke of C6*«Z#*johtained by diff illation and by fufion in a crucible 
n the pholphoric fait of urine with bads of volatile alkali. Thefe 
erences are not yet well afcertained ; and it appears to me from 
at I have hitherto been able to learn, and from the comparifon 
ich I have made on the vitreous matter obtained from bones, 
h that of the fufible fait of urine, which the Duke of Cbaulnct 
i ( o obliging as to give me a fpecimen of, that this latter retains 
acidity, a deliquefcence; and a folubility in water, which the 
mer docs not poflefs, I am alfo informed by Mr. Rouelle, that 
: (aline phofphoric matter of bones, yields lefs phofphorus than 
\ matter of phofphorus itfelf, or than the fufible ammoniacal 
: of urine does. There is room to believe that thefe differences 
>ceed from fome portion of the vitriolic acid remaining united 
th fome earthy or felcnitic matter, which combines along with, 
s faline glafs during its vitrification, and diminifhes in fome de* 
se its faline properties. See the articles BONES and URINE. 

Addition to the Article PHOSPHORIC STONES. 

B ESIDES the phofphorical effefts of certain flony and earthy 
matters which I have already mentioned, there are others 
bicb perhaps may have fome relation to thefe. I (hall only give a 
ramaty account of them, as the experiments on this fubjeft have 
>t yet been fufticiently varied to enable us to form a jut! idea of 
e caufes on which thefe effects depend. 

It is known that diamonds , without any previous calcination, 
dng carried into the dark, after they have been expofed to the 
in or to firong day-light, appear luminous. They are, perhaps, 
>tthe only ftones which have this property. 

Rock-ctyftal, quartz, agates , fliccous fonts, and probably all the 
ard ftones which are of the kind called •vitrifiable , being (truck 
r rubbed ftrongly one againft another, in the dark, throw out 
roch light. All kinds of glafs and porcelain have the fame effect, 
rhis light does not Confift in fparks that are darted outwardly like 
hole produced by the coilifion of thefe lubftances with fttel, but 
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in a flafh of light which illuminates fuddenly all the internal part 
of thefe bodies, if it is produced by percuflion, and which is per- 
manent, if it is produced by the continued fridion of a mill-fume 
in motion. Is this an efted of eledricity ? This cannot be decided 
but by other experiments. I am however inclined to believe that 
this light is neither the eledric matter, nor the phlogidon difenga- 
ged from thefe bodies, but only that which is univerfally ditfufcd, 
which is not vilible in the dark, becaufe it is not darted towards out 
eyes, but which becomes very fenlible to us, when it is thus darted 
by the vibratory motion excited by percuflion in the infinittly 
fmall parts of thefe hard tranfparent bodies, and which thus do only 
become luminous, becaufe they begin to be heated. See what I 
have faid on this fubjed concerning the nature and effeds of heat 
at the article FIRE. In the great cold of 16 degrees in January 
1776, I flruek flrongly againft each other two pieces of ice which 
had been frozen in the open air. But although this ice was very 
hard, and had been expofed during a long time to the intenfe cold, 
I did not perceive any light. I neverthelefk think it probable that 
it would be luminous, if it could acquire a greater degree of hard- 
nefs by as much more intenfe cold, fuch as that which 19 neceffary 
to the congelation of mercury. 

Several /pan, and particularly the heavy ftar called by Mineralo- 
gies, vitreous f par, /parry Jluor , falfc emerald, that from which Mr. 
Scheele has obtained the acid of fpar, when broke into fmall pieces, 
and fpread upon a very hot plate of iron, appear to be very lumi- 
nous in the dark, and each parcel of thefe Ipars refembles a fine 
Itar, or a piece of luminous phofphorus. 

This etfed is however not peculiar to fpars. Mr. Lavoifirr has 
lately communicated to the Academy the obfervation which he has 
made upon a kind of chalk that poffefled this property in a very 
fenlible manner. Since that, it has been found not only by Mr. 
Lavoifier , but alfo by others, that a great uuraber of calcareous 
' earths had the lame property, and even that none have been tried 
[ without producing this etfed. Hence it is probably common to all 
j earths of this kind, but probably fome of them give a more lading 
and intenfe light than others. For this light foon becomes extind, 
although the plate of iron on which it is placed be kept hot. I have 
made loine experiments on this fubjed, of which the following are 
the refuhs. 

The calcareous earth which contains all its animal matter, which 
has undergone no alteration, nor dedrudion by a long continuance 
in the earth, as it is in Irelh oyder-fhells, merely walhed, dried and 
pounded, becomes luminous, when put upon a plate of hot iron. 
But its light appeared to me lainter than what was produced by the 
chalk of Bourgival. 


Digitized by Google 



PHOSPHORIC STONES. 

The magnefia of Epfom fait uncalcined yielded a pretty good and 
lurable light. The fame earth when calcined produced a light 
bat was weak and not durable. 

The earth of the bones of animals , uncalcined, precipitated from 
rs folution in the nitrous acid, well walked and well dried, gave a 
Iner and more durable light than that of the uncalcined magnefia. 

The quartxofe pebbles of the Loire, uncalcined, being pounded, 
;ave a weak and not durable light. 

The earth of alum, precipitated by a fixed alkali, well wafhed 
nd well dried, uncalcined, exhibited a very line and very durable 
ight. 

Laftly, what is lingular, vitriolated tartar , powdered and put on 
heated plate of iron, gave a phofphoric light as intenfe and durable 
* that produced by the chalk. 

Thefe experiments were made in cold dry weather, fuch as is 
ery favourable to ele&ricity, on the i8th and 19th of February, 
777, during the night, I repeated them on the aoth of that 
lonth, when the air was become mild and moift, but did not per- 
eive any difference in the refults. 

They were alfo made upon an iron (hovel, which I had made 
ed-hot and left to cool till it was no longer vifible in the dark, 
her which I placed on it the matters fubjeCled to experiment. I 
ibftituted a piece of porcelain in place of the iron, and the efte&s 
ftre the fame, 

I have fince made fome trials of the fame kind on feveral other 
natters of a very different nature, in hopes that by multiplying them, 
he caufe of this phenomenon might be difeovered. But probably a 
nuch greater number is required for this purpofe. I have only feen 
hat quick-lime flaked in the air, and the kind of talk that is known 
inder the improper name of cljalk ofE riancon gave a light nearly 
qual to that of ordinary chalk ; that gyjfum or plaflcr became left 
uminous than chalk ; that mild fixed alkali was infinitely little 
uminoas ; that black flints , calcined to whitenefs, were much more 
b; that diaphoretic antimony , putty or calx of tin, wafhed colcothar , 
mety and feveral ferruginous fandt, that were fhining, magnetic and 
not fulphureous, being tried upon a heated plate of iron, gave no 
ight; that luna cornea and •white arflenic placed upon a difh of baked 
arth, heated to the proper degree, gave little, if any, light; and 
taftly, that corrofive fublimate placed upon the fame difh, exhibited 
nneof the moil beautiful phofphoric fpe&acles that can be fccn. I 
believe neverthelefs, that the difh was hotter in this lall experi- 
ment than in thofe made upon luna-cornea and arfenic : and in 
general, I ought to give notice, that the iutenfity of the light was 
roafiderably affe&ed by the heat of the fupporting plate ; and as it 
is not poffible that this heat could have been precifely the fame, in 
(W thefe experiments, whoever (hall repeat them, will piobably 
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find fome difference in the refults, although I do not beliere rta.t 
thefe differences will be conliderable, as I took all the care I could 
to keep this degree of heat nearly the fame. 

Thefe fadts are not yet lufticient in number to enable us to draw 
any general conclulion from them. It will be neceflaiy, as I have 
already faid, to multiply thefe proofs much more, aud they eertaiuly 
well deferve to be proiecuted. 

Addition to the Article PL ATIN A. 

S INCE our experiments on platina, the Count dc on , the 
Count dc Milly y IV I . dc Morveau, the liar on dc b:ckingcn 9 and 
others have made new intereitingrelearches on this lingular metallic 
fubftance. Excepting thofc of the Baton dc Sicki»ge.n % which are 
110c yet publifliccl, the others are related at length in the firft volume 
of the l’upplement to Mr. Buffons Natural Hiftory. This illuf- 
trious naturaliil gives an account ol the experiments which he him* 
felf made, and thofe which he made along with Mr. c l:lUt y of the 
Academy of Sciences, to determine the fpecific gravity of platina. 
Thefe experiments confided in comparing it with pure gold, by 
weighing an equal bulk of each of thele matters in particles or 
grains, nearly of the fame fize and form, and the bulk of which 
was determined by the fpace which they occupied in a quill. Coo- 
fiderable differences were obferved in weighing different parcels. 
But when the average of thefe trials was taken Mr. Bu£cn elii- 
mates, that the fpecific gravity of platina is lefs than that of geld 
by one twelfth part. 

Having carefully examined the m 3 gnetifm, both of the ferrugi- 
nous fand naturally intermixed with platina, and of the grains of 
the platina itfelf, and having found that almoil all thefe matters 
were more or lefs feniiblc to the action of the magnet, Mr. dc Bvjj'on 
concludes from thefe observations and from feveral experiments ol 
of the Count de Milly and of M. de Morwau % which I (hall pre- 
fently mention, that this metallic matter is not a particular metal 
like gold, or (ilver, but is an allay made by nature, of gold and iron 
in a particular flare, and combined together more intimately than 
can be done by art, 1 do only relate this opinion, which is alfa 
that of M. de Mill r, without entering into an examination at this 
time of its probability, that we may not interrupt the recital of the j 
new experiments that have been made on platina. 

M. de Milly having ciigcltcd in fpirit ol nitre fome grains of pla- 
tina which were no longer attracted by the magnet, and not having 
remarked any e&rvefcence, or other fenfible mark of folution, be 
then mixed this acid with fome of the alkaline liquor that wasfatu^ 
rated with the colouring matter of Pruflian blue, and did neverthe- 
lefs produce a blue ; from thence M. de Milly concluded that this 
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:ina t although not capable of being attracted bv a magnet, did 
n?ver contain fome iron which the nitrous acid had taken from 
But M. Marweau repeated this experiment, and did not thereby 
duce any Prudian blue* 

uhis excellent chemift pufhed very far his trials upon the fufton 
cupellacion of platina, He was able to mek it in a wind-fur- 
e, without any metallic addition, and by means of a reducing 
of his invention, compofed of eight parts of pulverifed glafs, 
one part of calcined borax, and of half a part of powdered char- 
L I have myfelf been a witnefs of the efficacy of this dux in 
on* of iron-ore, which were, effe&ed by Mr. Manveau in my 
nace and in my laboratory, along with the Dyke of Rochefouca*lt % 
. de Trudaine , Mr. La<voi/i(r % and fome other difiinguifticd che- 
la. We obtained a button of iron perfe&ly well ful'ed, well re- 
ed, and on which was marked diflin&ly the cryllallil'ation which 
• Morvcau never fails obtaining in the eflays of ores of iron, the 
cefe for which he has confiderably improved. 

►Yitb regard to the cupellation of platina by means of lead, we 
i in Mr. Bujfons work, which I have quoted, the derail of the 
5 experiments which Mr. Manveau has made to pufh this opera* 
i as far as it can be carried in the furnaces of laboratories. He 
ployed for this purpofe an air-furnace, of which I have given 
efeription in the memoirs of the Academy of Sciences, After 
had cupelled a mixture confiding of one gros of platina and two 
>s of lead, in four fuccefCve operations, during which this fur- 
re had been carefully fupplied with fuel fo as to produce its 
rated: heat, which laded in all eleven or twelve hours, hi* at 
gth obtained a button of platina, well collected, not adhering 
the cupel, of a continued uniform colour, more nearly refembling 
! colour of tin than any other metal, only a little rough, weigh- 
; an exad gros, and not fenfible to the a£ion of the magnet. 

I have fince that time made fome other experiments of the co- 
llation of platina, in the the focus of the great hurtling glafs of 
. de Trudaine* I will not give the detail of thefe expetimenta 
cau& they are not yet finifhed, but (hall only (ay, that having 
pofed «t fore different times, a mixture of equal parrs of lead and 
itina, to the focus of this powerful inihument, 1 obtained a maf* 
new hat granulated, like matted diver, which did not fmoke any 
ire in the focus, as white as the pured diver, and received ua 
eration in us colour by expofure to air, 1 was not able to weigh 
is button, becaufe it was fixed in a mafs of glafs which proceeded 
m the fufion of the fubdance on which it was placed. This 
itina, the whited that I have ever feen, and which I have re.ifon 
believe to be the pured, could eafily be filed, and became po- 
*d under the hammer, I return to Mr. Morwau* experiment. 

Upon 
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tJpon a further examination of the button which proceeded from 
this copellation, its fpecific gravity was found to be that of water 
as fourteen and two- fifths to one, while that of pure gold, who 
compared to it was as nineteen and one thirty-fourth. It is re* 
markable that this button, * which was not malleable, haring beat 
broken, the fradure fbewed feverai cavities, fbme of which aboot 
a line in diameter, had the whitenefs and brilliancy of filter ; a 
circumftance which fufficiently (hews that its fpecific gravity m 
above-mentioned was not juft. 

A part of this fame button, which did not appear fenfible to the 
aftioo of the magnet, having been reduced in an agate-mortar iota 
a very fine powder, thefe particles gave (till forae ligns of mag* 
netifm. 

44 Laftly, Meflfrs. Buffon and Morvean obferved together that bp 
ct bruifing this cupelled platina, its parts refumed precifely the 
44 fame roundife flattened forms as they had before their fufion, 
44 According to Mr. Bujfon , this operation feems to prove that 
M although the fire was ftrong enough in the experiments of M. 
44 de Morveatt, not only to burn and vitrify, but atfo to expel e 
44 part of the iron with the other vitrefcible matters which it coo* 
44 tains, the fufion is neverthelefs not fo corapleat as that of the 
44 perfect metals, fince, when it is bruifed, the grains refumc the 
44 fame figure which they had before fufion. n 

This remark appears fo much the more juft, as upon a thorough 
examination of the propertiesof the feverai parcels of platina which 
1 bad meked by different procefles, none of them feemed to be 
poffeffed of fuch a malleability as was perted, or proportionable 
and correfpondent to its other metallic properties. This matter 
is in fad fo refradory, that perhaps it never did enter into a con>- 
pleat fufion, and that what has been confidered as fuch, has been 
really nothing but a more or lefs intimate agglutination of its pam. 
This happens, 1 believe, in an apparent fufion of platina, which 
may be effeded by a moderate heat, according to M. de Tlflc% 
experiment, which 1 have verified, and which confifts in expofing 
to a good ordinary fire of a furnace or forge, forae platina precipi- 
tated by fal ammoniac from its folution in aqua regia. This pre- 
cipitate feems to melt eafily enough into a metallic mafs fmooth 
and denfe, but it perfedly wants malleability while It is expofed to 
a moderate hear, and refumes an imperfed degree of it only in pro- 
portion as the heat is rendered more intenfe. The parts of platioa 
being infinitely divided in the above-mentioned precipitate, it >s 
not aftonifhing that heat fhould penetrate fuch fmall particles much 
more effedually than ordinary grains of platina, which areenormous 
snaffcs in comparifon, and as their foftening is in proportion, they 
ought to fuffer the ordinary eflfed of their agglutination, in pro- 
portion to their points of coutad ; but as thefe points ate infinitely 
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re numerous than thofe of much larger molecules can be, the 
d mattes which refult from the fulion have the appearance of a 
tal that is denfe, melted, and hardened by cooling, but in reality 
y are only the refult of a (imple agglutination between an infinite 
nber of particles infinitely fmall, and nor that of a perfect fttfion, 
r the fulion of other metals. At lead this account of the matter 
ns to me to be the mod probable. 

’ do not know if all the experiments hitherto made on platina 
fuflicient to enable us to decide concerning the nature of this 
tallic matter. I have already faid that I was inclined to con- 
ir it as a particular metal, as fimple and perfe& in its kind, as 
other metals are in theirs. The only objection that has been 
3e, or that may be made againfi this opinion, is, that platina, 
tough it poflefTes the eflential properties of metals, and even of 
perfect merals, has not however either the fufibility, or all the 
Exility of the fimple metals. 

to the dmffility, it depends on a good fufion, not only of this 
tal but alfo of the others; and it depends fo vifibly upon this 
tfe in this inttance, that the duflility of platina is found to be in 
’portion to the degrees of heat, and of the foftening or aggluti- 
ion that are given to it. It is a truth of which I am convinced 
a great number of experiments, and I doubt not but the other 
rmifts who have worked upon this matter have made the fame 
fervation. The want of fufibility remains: but befides that this 
not an abfolute and limited quantity ; that it is only relative to 
r different nature of each body ; it is certain that, without goirq 
t of the dafs of merals to bring in fiances, the difference between 
! fufibility of lead and the purefi forged iron, is enormous; and 
is difference, however great it is, does not hinder, and ought not 
hinder iron from being confidered as a limple metal with as good 
ifon as lead. Why then (hould not a gradation be admitted for 
metallic bodies? Why (hould platina, whofe fufibility is not fo 
r different from that of iron, as the fufibility of iron differs from, 
it of lead, be excluded by this foie difference from the rank o 
nple metals; and bow (hall we determine the limits of fufibility, 
rather of the difficulty of being fufed, beyond which a metalli 
itter cannot be reputed any thing but an allay, and not a fimple 
etal? Certainly we cannot give any good anfwer to thefequef- 
>ns, and it follows from thence that all which we know of the 
operties of platina do not prove that it is not a fimple metal, like 
e others. Let us fee then what may be the motives which have 
ade it confidered as an allay of gold and iron. This mineral has f 
is faid, properties which partake of thofe of gold, andoftbofe 
'iron* Its colour, denfitv, hardnefs, and magnetifm may be 
Hinted by allays ofthefe two metals in certain proportions. Laffly , 

1 whatever degree of purity platina may be brought, it always 
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gives fomc marks of magnctifm, which prove that it is not entire! j 
exempt Irom the allay of iron. 

I acknowledge rhat as compounds partake mod frequently, to a 
certain dtg»ce, of the properties of their component pasts, and t hat 
in tai l t fume properties a eobfeived in platina which referable thole 
ot gold and ot iron, theie are fuilicient grounds for a fufpicion that 
it may he only an allay of thefe two metals. But it mult be alio 
acknowledged that this can he nothing more than a mere fufpicioa, 
while there aie no other nrools to fupport if than an imperfed re- 
femblance, like that which uc have mentioned. But it is certain 
that the proofs of thofe who embrace this opinion extend no far- 
ther; for to whatever trials platina lias hitherto been fubjeeled, 
the gold has not been feparated by any ol the methods by which 
this metal may be feparated from its allay with other metals, par- 
ticuUrly with iron; and alto, in whatever manner and in whatever 
proportions gold has been combined with iron, no allay has been 
ever made which could be considered as an im perfedt platina. 

To this it is anfwercd, that the iron which is thus combined with 
gold in the platina i . not in its ordinary llate ; that this metal is 
found daily in very different forms and dates; and la Illy, that it 
requires to be in a veiy peculiar date to enable it to form with 
gold true platina. 

In the tird place, I fhali ebferve upon this fubjeft that this fup- 
pofirion is repugnant to all the poihive and alcertained fedis in 
metallurgy, all which concur in proving, that no metal can be aU 
laved in it* complear metallic date with another metal, unlefs this 
latter alio be in its complcat metallic date : And if it be faid, that 
we ought not to coniine our ttaionings to the routiue of chemilb, 
and th.it nature duds the means of making combinations which they 
are not acquainted with ; we may acknowledge that fuch an allay 
as is hete mentioned is not fhewn to be impollible in this fen fe, but 
uevcrthclefs, in order to make me believe that it teally does exiil, 
it will he neceir.i v to fhtw tb.at platina has been made by combining 
gold with iron in that date which is luppofed to be ntcellary for 
imitating the procels of nature. For it is very cv Jent, that if we 
were permitted to allcdge mere poidbiliiics, to lupport which we 
h ive occulion for as many fimpolirions as there ate difficulties that 
< ccur, we might prove whatever we plcalrd ; tor indance, that geld 
is nothing but an allay or diver a ml copper, which copper is in a 
certain date, and tomblned by means very diderent from thofe em- 
ployed in 01 J na* y ciwinwal proedfes. 

As t> ti,e fm.hi p<-rtimsot iron which remain obfrinately united 
to planna, notwitLdamiing the e fleets ot the gieaiell heat, and c! 
the iiioogcft LUpaba i >n ; rhb. phenomenon is not peculiar to flefe 
metallic maitc :s. li i *. < n very general, lince it is contlamly 
* •bid \ cd i ; i ah the an aV.es of va.img, and in the other operation 
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ibetaiftry. Whenever ooe fubdance is feparated from* another, 
lad portions of that whole quantity is the f mailed, are fo much 
more difficult to fe pa rate as lefs of it remains, fb that at lad we 
i chat a perfe£l reparation cannot be obtained. This is the re.v 
why it is fo difficult to attain a purification that is fo rigorously 
fe£U Thus, for indance, it is almod impoff.ble to bring g<-M 
the mathematical degree of finenefs of z\ karat*. Although 
re fore,- the allay of bon were no more eflential to platina, than 
t of filver or of copper is to gold, it would not be any matter of 
prize, if we could not feparate perfectly the lad infinitely mi- 
le portions of this metal, which arc allayed with it in its native 
:e. Nevertheless I can affirm that the platina of a ffiining white 
bur like diver, which I have obtained by cupdlation in the focus 
a large burning glafs, did not (hew any ligns of magnetiftn by 
i mod accurate trials that I was able to make. Not only this 
np of platina appeared to be quire infenftble to the acVion of a 
ry ftrong artificial magnet, but alfo when I made it float fredr 
ou the water by means of a piece of cork, I could not obfcrve 
st the magnet produced the lead motion in it, not even when £ 
ached it with a magnet that was capable of fuflaining fix oum . 
rndeavoured to repeat the experiment of Mr. Marveau upon t rij 
me platina, that is, to reduce it inro very fm all parcels. For that 
lrpofe, I bruifed a fmall piece of it between two flat fut faces in 
ck cry dal, but 1 found that rhis little piece, which weighed alv • 
h of a grain, and which could only be flattened and poliihed 
is means, was not act railed in any degree bv the magnet, eico 
ben it was made to float upon water by means of a bit of wax. 
Thefe experiments feem to me to ffiew, that if it is not poQ)V 
> feparate the lad atoms of iron allayed with platina - we ma} :t 
:aft carry this reparation fo far, that nothing remains of ir hut a 
uantiry infinitely fmall and not to be eflimated. Bat it is a ie- 
»ark worth making, with which I lhall clofe, that if platina be t 
an allay of gold and iron, it ought to refume the properties of 
;old in proportion as it ffiould be deprived of its iron, whereas, on 
he contrary, it thereby becomes more white, and the properties 
>y which it differs from gold, become more didinlh 
SOAPS (ACID.) Alkalies arc not the only (aline fubitane s 
bat are capable of combining wi'h oils, fo as to form compounds 
apable of folution in water and in fpirit of wiue. Perhaps indi J, 
•igoroufly fpeaking, every faline marrer has feme aftioti upon < 
md communicates fome degree of a faponnccous quality propor- 
tionable to this adion. Neverthclefs, the fairs which me nor 
dentlv cauflic, have but an infinitely fmall degree of aft ion u xm 
oils, and it would be an infinite labour to fubjeff ro a com pleat che- 
mical examination all the faliiio-oily combinations that can 1 c 
Wade. But as acids have in general a very lirong cau dicity, and 
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particularly a decided action upon oils, it was important to mate 
;:t lead the principal compounds that could refult from thefe two 
torts of iubdances, and to invelligate the mod elTential properties 
or tlicle new compounds, which had been nbfolutely neglected by 
c hem ids till lately. The academy or Dijon, who generally make 
choice or their prizes with much judgment, prnpofed the difeuflion 
or this matter as a proper fubjtdt As this prize has been deferred 
five years iuccellively , we cannot doubt but feveral chemills have 
during that time been making experiments on this fubjefi. I know 
particularly one very good memoir on acid foaps that was fenr by 
IVIr. CMMttC) but it arrived alter the expiration of the limited time, 
and therefore could not enter into the competition for the prize. 
The author intends to publifn it foon. About the fame time Mr* 
A than/, ot the academy of Beilin, publifhed an extenfive work 
Vpon foaps wbofc Jaline bafts is vitriolic acid ; and as this memoir is 
printed in Mr. Nvcboz’s journal called Nature coujidcred under .rfer. 
cut Afp'l'h, I fhail mention the principal experiments made by 
Mr. Acbard, without pretending to decide concerning the debates 
about the analogous experiments and dilcoveries, which other che- 
mills and particularly Mr Cornettc , have made on the fame matters# 

44 The proeefs, which fucceeded with Mr. Acbard in making acid 
44 foaps by combining vitriolic acid with oils, both concrete and 
41 lluid, drawn Irom vegetables by expreffion, or by boiling, con* 
44 tills in putting two ounces of concentrated white vitriolic acid 
44 in a glafs moitar, and in adding to this by degrees, and during a 
4i contlant trituration, tbice ounces ot the oil ot which the leap is 
44 intended to be made, which had been previoutly heated, even 
44 almoll to ebullition. Mr. Acbard obtained by this procefs, black 
44 maties which when cooled had the confidence of turpentine. 

44 Accoiding to the author *s remark, thefe compounds are al- 
44 ready true lbaps : But in order to bring them to a more pet feet 
4 * amt more neutral combination, it is ncceifury to dillolve them in 
44 abcut lix ounces of dillilled boiling water. This water takes up 
4 ‘ : In* fupei abundant acid that may be (and which probably is 
“ a!wav>) in thefonpj and the faponaccous parts join together 
44 when the water cools into a brown mat's ot the confidence c» 
44 wax, which fometimes occupies the bottom of the veflel, 2 nd 
44 fometimes twims upon the furracc ot the fluid, according to the 
44 weight of the oil employed. If the foap fiiil fhould contain too 
44 much acid, which may be cably known by the tade, it is necel- 
44 l.iry to dilfolTC it or.ee me e in diddled boiling water, and to 
44 repeat this operation till it has entirely loll its acid fade. In 
44 this manner a foap is obtained whofe component parts are.”? 

4 4 re. iprocal (late of tn ft <7 fa fu ration. 

44 Mr. Ac ,!, a r tl remaiks further, that concentrated vitriolic acid 
41 adi very dronglv upon oils, and gives notice, that t is need? it y 
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11 to take care that the oil be not added too fuddenly, and in tew 

great quantity, becaufe in this cafe the acid becomes too flrottg, 
“ decompofes the oil, and changes it to a fubftance retembling 
44 charcoal. This decompolition is manitefted by the fmell of w 
“latile fulphureous acid which exhales. 

44 When thefe foap9 are carefully m ade, (fays Mr. AckxrJ) they 
41 become hard by agej but if they contain a fuperabuodanr acid, 
44 they become foft in the air, the moifture of which they attr^J" 

This chemift has compofed vitriolic acid foaps with different o ills, 
fuch as thofe of fweet almonds and of olives, butter of cacao, wax, 
fpermaceti, and the exprefled oil of eggs. He has made foaps witk 
tfleorial oils ; but as the vitriolic acid a<fts much mote forcibly tmff 
quickly upon effential oils than upon the other mild oils, and as k 
is always neceflary in thefe combinations to avoid the too quick 
aclion of the acid ; the procefs for the compofition of acid vitriolic 
foaps with bates of eflential oil requires fome particular attentions 
and management, which Mr. AJjard points out in the following 
manner. 

44 In the following procefs (fays he) I fucceeded in making 
44 foaps with vitriolic acid and any eilential oil. I poured three 
41 ounces of white oil of vitriol in a glafs-mortar placed in cold wa- 
44 ter. To this I added llowly, drop by drop, four ounces of tire 
44 effential oil that was intended to enter into the composition of 
44 the foap. 1 triturated continually this mixture, and when it 
44 began to be hot, I added to it no more oil, before it was to lively 
44 cold. I continued this method till all the oil was mixed With the 
44 acid. That beiogdone, 1 poured about a pound of water upoa 
“ a pound of this mixture, and I heated it (lowly, till it acquired 
44 a beat nearly equal to that of boiling water. I then removed 
44 the mixture from the fire. By cooling, the foponaccous parts 
44 united into a brown mafs, more or Ids 1'olid, according to the 
44 nature of the oil employed.* 4 

The author gives notice that too great a heat octaficns a decom- 
pofition of the oil by the vitriolic acid, and converts it into a femire- 
linouskind of coal, which is ealily known, as all'o in the mixtures 
of the fame acid with the oils that are not volatile, by the fmell of 
Volatile fuIpbureou3 acid, which never fails to be fenfible when it 
aftifo ftrongly as to decompofe the oil. To prevent thisdecoiu* 
potirion the above deferibed cautions to keep the mixture cold are 
intended ; and it is even neceil'ary that the water added to clean! e 
(he foap from any fuperabundant acid, (hould not be made fo hoc 
as to boil. 

Mr. At bar A has made foaps of this kind with the efTential oils of 
terpentine, fennel, and other oils, which though not Ihiftly 
tflential, are no lei's volatile, as the oil of amber, animal oil of Dip- 
pel, and oil of wax. 
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V/c cannot doubf, as rhc author very well fays, that all tl.c - 
combinations of vitriolic acid with different kind& of oils, are true 
fajv»nactous compound?, acid iuaps well characterised, when the 
comb'narion has been prope*ly made; for he found from er.peii- 
ments, that each of the e compounds were foluble either in water 
or ; n fpirir of wine, and capable <>1 being dccompofe d by fitted or 
volari’e alkalies, by calcareous earths, and by leveral metallic mat- 
tet : , all winch fjbftances <e-ize upon the acid of the foaps, form 
with it new compounds, and dilengage the oil, in the lame nunntr 
as ac : ds lfipayatc the oil from alkaline foaps. 

L>c lide- thefe observations, which are common to all ihefe foaps, 
M r. Achara has made upon each of them a great many particular 
experiments, which exhibit many very curious and important phe- 
nomena, in this relpcct, that they extend our knowledge on the 
nature of the different kinds of oils. It would be too long to enter 
here info thefe derails, which may be feen in the work it lei t. I 
fii.dl content tnyfclf with relating the ptincipnl relults, and Chewing 
the molt general cunfcquenteg which 1 think may be diawn irom 
them. 

N T .,r only alkaline, and leveral metallic matters dccompofe vitri- 
olic acid loans, bur alfo moft of the othet acids, as the nitrous, the 
marine, the volatile fnlpluireous, and even vinegar, a^e capable of 
dieting rids dcconipolition, which is a very remarkable pheno- 
menon. Nevertheless the effect of the acid of vinegar is not the 
fame upon all thefe foaps, for it is notable to dccompofe feme of 
them. Tartar and fait of gnolchcrries dccompofe thefe leaps; but 
there is reafon to believe, Mr. AAai'd thinks, that it is by means 
of the fixed alkali which the faline matters contain, that they pro- 
duce this tdwi fi 

Several ne-uii a! fairs , with diffident bafes, do alfo decompofe 
thr u add leaps ; foment them by the greater affinity of the vitri- 
olic acid with t licit bales ; and inoft of them by means of a double 
affinity. 

ifi.it a very remark Tie circumfiance is, that in whatever manner 
thcletoap be ebeompofed, including even d'ftiliation without any 
intermediate lubtiance, the oil which is frputated is found to pofi'ds 
and to retain a flronger confidence than it had naturally* Moll of 
the oils thus feparated become concrete and as hard as wax, where- 
as the oil that is feparated from alkaline foaps, as Mr. At hard re- 
marks, is moie fluid and attenuated than in its native ftate. This 
eftetf appears to me to Chew that the deromp* fitiun of acid Traps 
is not complete, and that the oil having been once combined with 
vitiiolic acid, retains always a portion which augments confiderab.'j 
its confidence. The cafe is quite different with alkaline foaps ; the 
alkalies when tbev combine with oil*. Item to deprive thefe eta 
part of the acid naturally united in their competition, and to which 

ta:if 


Digitized by t^ooQle 



SOAPS (ACID,) 

ir natural confiftence is owing ; and when we fe par ate thefe oil* 
m the alkali, it docs not reftore to them all their acid, and ac- 
dtngly the oils thus feparated, become more fluid than they were 
ore they were combined, 

Another general obfervatiou upon the decorapofition of acid foaps 
alkalies, and which is no lefs important, is, that when we employ 
t method of decompofition, we mud obferve to add no more 
all than the quantity neceilary for the faturation of the acid, be- 
tfe the overplus does not fail to combine with the feparated oil, 
l to form with it an alkaline foap, even much more eafily than 
the dired and ordinary combinations. Accordingly Mr, Achard 
larks, that the decompofition of the vitriolic acid foap of the ef- 
tial oil of turpentine, affords an eafy and quick method of making 
\rkty*s f*?p> which is fo long and difficult by the ordinary pro- 
les. To make this foap, nothing more is required, than to add 
he folution of this acid foap, a greater quantity of alkali than is 
eflary to faturate the acid, and then to make the mixture boil, 
this method, fays the author, Starkey's foap may be made in a 
r minutes. The reafon of this effed is, that the fixed alkali 
is in this operation the effential oil of turpentine, at the inftant 
its reparation from the vitriolic acid, in a much more perfedly 
ided Hate than can be effeded by any other means, 

Wc might probably avail ourfelves of this fame method, for the 
napofirion of acid foaps, which in general are more difficult to 
■ made than the alkaline foaps, not only becaufe there is danger 
decompofing and altering the oil, but alfo from the nature of 
: combination, and from the excefs of acid that ought to be added 
order to make it well, at leaft according to the procefs of Mr. 
bard: for Mr. Contrite has allured me that he has been able to 
ike thefe foaps with much lefs acid. 

I have tried to combine vitriolic acid with lintfeed oil, by adding 
idually the acid to the oil, inftead of adding at different times 
all quantities of the oil to the acid, as Mr. Acbard does, and I 
ve obferved that the combination is foon effeded by this method, 
everthelefs the oil was much blackened and acquired a pitchy con- 
leoce, had a confiderable excefs of acid, which partly feparated 
r deliquescence. Neverthelefs this Saponaceous compound ap- 
ared to me to be imperfed, particularly becaufe it was much left, 
luble in water than in fpirit of wine ; which property feems to be 
mmon to all acid foaps, and even to alkaline foaps, but in a left. 
;grCC# 

I fucceeded in making a foap with oil of olives and vitriolic acid, 
bich appeared to me to be perfed, in the following manner : I 
ffolved ordinary alkaline foap in vitriolic acid, taking care fo to 
x>portion the quantity of each, that there ffiould be an excefs o 
id in the mixture. At firft, 1 tried to effed this combination by 
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means of vitriolic acid diluted with much water, in order to prevent 
the oil from being blackened and altered. But although there was 
evidently an excefs of acid, the oil of the foap feparated partly in 
the flute of a very white and very limpid oil, very foluble in fpirit 
of wine, but infoluble in water; panly into a very concrete oily 
matter, of the confidence of greafe, very foluble in fpirit of wine, 
but unfoluble in water, and confequently the dilute vitriolic acid 
had not been able to aft with fufficient ftrength upon the oil of the 
foap to reduce it into a faponaceous compound. 

The cafe was very different when I triturated fome alkaline foap, 
made of oil of olives, along with concentrated vitriolic acid. From 
this mixture a brown compound refulted, which contained a peifeft 
foap. In order to purify the foap, I diflolved it in fpirit of wine, 
which feparated from it all the fait of Glauber and vitriolated tartar 
which were formed during the operation. I then added to it gra- 
dually and carefully, fome liquid fixed alkali, in order to fatutate 
the excefs of acid ; by which means more vitriolated tartar was pre- 
cipitated. Laftly, I filtrated the liquor which then appeared tran- 
fparent and yellow. When it was lhaken, permanent bubbles ap- 
peared exhibiting the fame irifes as the bubbles of ordinary alkaline 
foap. I evaporated the liquor with the heat of 35 or 40 de- 
grees of Reaumur's thermometer, and during the evaporation yellow 
tranfparent drops were formed upon its furface, which I took at 
firft for oil that feparated ; but when cold, it became a concrete yel- 
low fub fiance of the confiftence of greafe or fuel, having the fat 
rancid tafte of ordinary foap ; with fpirit of wine a very limpid 
lolution, without any reparation taking place ; and this latter 0* 
lution being evaporated to drynefs by a mild heat, was thickened 
into a foap of the fame nature as before its folution by water. 

From thefe fafts it appears that by the procefs which I followed, 
a perfeft acid foap may be eafily formed with vitriolic acid and oil 
of olives. There is reafon to believe, that the oil is lefs altered by 
this method, than by a direft combination with concentrated vitrio- 
lic acid, although in the decompofition of ordinary foap by this 
acid, a flight finell of volatile fulphureous acid is perceived. This 
acid foap is exhibited under the form of a fluid oil, when the fpi- 
rituous acidulous liquor in which it is at firft diflolved is evaporated 
from it, becaufe it liquefies at a very gentle heat, and becaufe the 
acid watery fpirit of wine can only keep in folution a determinate 
quantity of it. When there is a certain quantity of it thus colled- 
ed upon the furface of this liquor, it may be eafily feparated by al- 
lowing it to become folid by cooling, and to pour off the liquor on 
which it fwims. When it is again rediflbl ved in water, and the fo- 
lution is evaporated by a gentle heat, it thickens into a white acid 
foap, which teems to be pofleffed of all the qualities that could be 
expefted in fucli a compound. , 
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*»v be able to compofe all other kinds o t 
1 or by that of Meflrs. Acbard and 
^ -»cefs more fimple, more eafy, 

mch more importance to be 
.aceous compounds feem to be 
a remedy which may be very ef- 
*oceeding from obftruftions and con- 
* .c difeafes of that kind, where ordinary 

certain degree, and during a certain time, 
effeft. It appears to me very probable, that 
eh happen too frequently, an acid foap fubftitut- 
an alkaline foap which has ceafed to aft, might 
dfeftual, and that the alternate ufe of thefe two reme- 
perhaps produce better effefts than could be expected 
.iber of them lingly. At leaft many chemical operations 
, that the fucceflive application of two folvents of different and 
oppofite natures produces folutions which could not be effeft- 
r but imperfeftly by either of them alone. I have publiflied a 
flngular effeft of this kind in the Journal des Scavans, for 
ember, 1776, on the folution of the ftoney depofitions of 
e; and a great many other proofs may be feen in a letter filled 
very interefting refearches and experiments on the fame fubjeft 
:h Mr. Monveau has done me the honour to addrefs to me, and 
dtis printed in the fame Journal for February, 1777. As the 
$ f although they are powerful and aftive folvents, have never- 
rls no caufticity which can render them formidable to the moil 
ent phyficians, they may be tried with great fafety, which in. 
cine is no fmall advantage. 

it befides this ufe of acid foaps which may become of the 
eft importance, it is almoft certain that they may become very 
il in arts and manufactures. In many arts the utility of com- 
foap is ballanced by inconveniences which, perhaps, the acid 
may be without. Time and experience alone will (hew what 
it to be expefted from them 5 for notwithftanding thefe firft la- 
> fo well begun, this fubjeft may be confidered as being only 
•pened. 

Addition to the Article SUGAR. 

Lthough a very fmall quantity only of oil be obtained by ana- 
lyfing fugar in a retort, we cannot doubt that this fubltance 
ins a great deal of oil. This is proved from the phenomena 
e fpirituous fermentation of which fugar is the true matter, 
rom the nature of the produfts of this fermentation which are 
flammable, and from feveral of which, a very great quantity 
1 may be obtained, as Mr. Roncllc has very well obferved ; 

but 
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bat this acid is fo combined with the peculiar acid of fugar, that it 
cannot be feparated by the ordinary analylis. It is the peculiar 
combination of this oil and of the earthy parts with the acid, which 
gives to the eflential fait the fweet and agreeable tafle, and the fer- 
mentable and nutritive qualities which it eminently poiTefTes ; and 
it is very probable, that by feparating from its acid a confiderable 
portion of its oil and earth, it might be obtained under the form of 
a very (Iron g and powerful concrete acid. At leafl, this feems to 
be the refultof fome interefting refearches and experiments which 
Mr. Bergman has publiffied upon this matter. 

This intelligent chemiff, by applying to fugar and toother fac- 
charine matters, a large quantity of nitrous acid, obtained from 
thence a very white, pure, well cryftallized concrete acid, whofe 
acidity is of fuperior force even to nitrous acid, at lead with re- 
gard to the affinities, to which Mr. Bergman gives the name of elec- 
tive attractions. 

Thefe refearches are publiffied in form of a thefis fupported by 
Mr. Arvidfon , and printed at Upfal in 1776. The procefs to ob- 
tain this concrete acid of fugar, confifts in diflolving one ounce of 
fugar in three ounces of good nitrous acid, and in drawing off a for- 
wards the greateft part of this acid by diflillation in a retort, witbi 
moderate degree of heat, till the liquor acquires a dulky brown 
colour. Mr. Bergman pours again upon this liquor three ounces 
more of good nitrous acid, and repeats the diflillation, or rathertbe 
abflraftion, till no more of the ftnoking coloured nirrous acidpaffcs 
into the receiver. He obtains, when the refiduum of the liquor is 
cooled, a fait confiding of prifmatic cryflals, which when drained 
upon brown paper, weighs one gros and 55 grains. 

The liquor which floats above the cryflals, being treated in the 
fame manner at different times, with frefli nitrous acid, the quantity 
of the acid being diminiffied each time, Hill yields fimilar ct y flails, 
which being purified by folution, filtration, cryflallization, and 
draining, rorm a total produdi of acid of fugar in the proportion of 
three parts to thirty parts of the Arong nitrous acid cmplojed in 
the operation. 

This procefs of Mr. Bergman fucceeds very well, and has been 
verified by Mr. Sage. This concrete acid of fugar has the appear- 
ance, the acidity, and feveral of the properties of fait of goolc* 
berries. Mr. Bergman has examined all the combinations that it 
forms with falinc, alkaline, earthy, and metallic fubftanccs, and ha 
very fully related the refults in the diflertation above quoted, to 
which I refer. I fliall only fay, that we find from Mr. Bergmasi 
experiments, that this acid is in general very flrong and very fixed, 
and that it combines fo intimately with earthy and metallic fub* 
fiances, that mod of the falts which it forms with thefe bafes a*- 
infoluble, or very little folubie in water ; that it feparates tU 
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ftrongeft acids from almoft all metals ; and, what is more extraor- 
dinary, is, that it decompofes gypfum and felenites even without 
heat. If fome of this acid be put into water faturated with gyp- 
fum or felenites, it occafions a precipitation, which is nothing elfe 
than an infoluble fait refulting from its combination with the earth 
°f gypfum and felenites, from which it confequently feparates the 
vitriolic acid. 

Mr. Bergman makes a very happy and important application of 
this powerful affinity of the acid of fugar with calcareous earth, to 
the theory of the fabrication of fugar. This excellent chcmift has 
afcertained by experiments, that the acid of fugar, and even the 
other vegetable acids added to a folution of fugar prevent abfolutely 
its cryftallization. Thence he concludes, that the difficulties which 
occur in boiling and cryftallizing the juice of fugar-canes, proceed 
principally from the fuper-abundanceof acid that is in fugar, as well 
as in other faccharine juices ; and confequently, that the beft ad- 
dition which can be made to it to effect this cryftallization is that of 
quick-lime, the utility and neceffity of which are evinced by expe- 
rience. The reafon of it is, that this earth, at the fame time that 
it abforbs powerfully the fuper-abundant acid of the fugar, forms 
with it an infoluble fait, which either precipitates or rifes with the 
fcum. The faline alkalies do indeed abforb, in the fame manner 
as quick-lime does, the fuper-abundant acid, but they form with it 
(alts which remain diflolved in the liquor, and do not feparate like 
the fait with bafis of calcareous earth. 

Mr. Bergman is a chemifl too intelligent not to perceive an ob- 
jc&ion which may be made to his account of the acid of fugar. It 
may be fuppofed that this acid is not the proper acid of fugar which 
pre-exifted in this mixt before the application ot the nitrous acid, 
but a new combination, refulting from the union of this latter acid 
with fome of the conftituent parts of fugar. The anfwers of Mr. 
Bergman are taken from the companion which he makes of the 
properties of his new acid with thofe of the nitrous acid : he fhews, 
that excepting the general properties of all acids, the acids of fugar 
and of nitre, not only do not poflefs any peculiar properties that 
are common to them both, but alfo thofe properties which difiln- 
guifli each of them, are very different and oppofile to each other. 

One of the moft important obje&s of Mr. Bergmans refearches 
is, that they prove that fugar properly fo called is not the only fub- 
ftance whence this acid may be obtained from all the faccharine 
juices, flours, gums, and probably from all fubflances that arc nu- 
tritive and fufceptible of the fpirituous fermentation. 

The ufes of fugar and all faccharine fubflances are very exten- 
five and important. Thefe fubflances may be confidered as the 
bafis and primary matter of all alimentary bodies, and of all kinds 
of wines and vinous liquors ; and to cry flail i zed and purified fugar, 

every 
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every body knows the infinite advantage that we receive from it, by 
the improvement it gives to the taflc of alraoft all our aliments, and 
by its preferving property, without which we fhould want msay 
of the mod agreeable and eflential of the culinary and pharmacam 
preparation. 


FINIS. 


i 


Digitized by L^ooQle 



A 


TREATISE 

ON THE 

VARIOUS KINDS 

O F 

Permanently elastic 

FLUIDS, 

O R 

GASES. 


The Second Edition, revifed. 


XXXXXKXXX 




LONDON, 

printed for T. C^dell, arid P. Elms ley, in the 
Strand. 

M,DCC,LXX1X. ' 


Digitized by t^ooQle 




Digitized by L^ooQle 



To 

The Rev a Joseph Priestley, ll.d. p,r,s. 

The following freatife on permanently elsftic Fluids 
Is Infcribed 
By the Author ; 

As a fmall Tribute juftly due to the Philofophcr t 
Who, by the Zeal, Sagacity , and Sifcceji , 

[With which he conduced his Experiments on thele Fluids* 
Has opened 

Many New and Rich Sources of Knowledge 
in 

Natural Pkilojophy » 


Digitized by Google 




Digitized by Google 



PREFACE 


T HE following lheets are intended as an 
Appendix to the fecond Englifh Edition 
of M. Macquers Dictionary of Chemif- 
try, inftead of the article Fixable stir, which 
was added to the former edition. This fubjeft 
has been lately fo fuccefsfully cultivated, fince 
the writing of that article, that a revifal and 
large additions were neceflary : but thefe not 
having been finilhed in time for infertion into 
their proper alphabetical place, when the fe- 
cond edition of the Dictionary was printing, 
and being befides too large for an additional 
article, the following Treatife is fubjoined as 
an Appendix to that work. 

The name of the AabjeCt is changed from 
thofe commonly employed by Englifh authors, 
viz. Fixable , Fixed , or Factitious stir, to that of 
Gas ; a word applied to. diftinguifh perma- 
nently elaftic fluids by Fan Helmont , who fir ft 
4ifcovered, or, at leaft, defgribed more clearly 
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than his predeceflors, many kinds of thefe 
fluids. The impropriety of applying the word 
Jlir to all permanently elaftic fluids is evident, 
from confidering that this word has been im- 
memorially appropriated to exprcls only one 
of thefe, namely, the atmofpherical fluid, and 
that the other elaftic fluids are very different 
in moll of their properties, although they 
have been frequently confounded with it. The 
impropriety would not be greater, if all liquids 
were confounded under the name of Water. 
And probably the firft difeoversr of other li- 
quids committed this impropriety. Oil hs 
might call inflammable water ; and vinegar, 
acid water. 

The application of the word Air in a gcncri- 
cal fenfe to exprefs all permanently elaftic 
fluids, inftead of confining it to its ancient 
fpecific meaning, denoting the atmofpherical 
fluid, was introduced by Boyle, in confequence 
of an erroneous opinion which he entertained, 
that all thelc fluids arc modifications of the 
atmofpherical fluid. This phraleology, found- 
ed on error, has ncverthelcfs been continued 
by the refpeflablc philofophers who have fuc- 
ceeded that author ; although they were fuffi- 
cientlv ten hide of the difference between the 

j 

atmofpherical and the other permanently elai- 
tic fluids. Intent only on the communication 

of 
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6f their own very important difcoveries, they 
continued the language of Boyle, and extended 
it to the new fluids which occurred to them 
in their refearches. Thus Dr. Priejlley, in his 
late moft fuccefsful profecution of this fubjeft, 
having obferved not only many new proper- 
ties of the fluids formerly known, but alio 
difcovered feveral new fluids, and finding that 
the word Air had been applied by his Englilh 
predeceflbrs to denote generally all perma- 
nently elaftic fluids, has, in conformity with 
a language which appeared to be in fome mea- 
fure eftablilhed, given to his newly-difcovered 
fluids, the appellations of vitriolic acid air , 
marine acid air, Jltior acid air, nitrous air , &c. 
And in continuing the fame mode of appella- 
tion, he certainly confulted the eafe of his 
readers, who were fuppofed to be converfant 
with the writings of his predeceflbrs, and to 
whom he meant chiefly to communicate the 
further progrefs he had made in this fubjeft. 

But the circumftances under which the fol- 
lowing Treatife is written, are fo different 
from thofe of the celebrated authors who 
have fo happily cultivated this fubjeft, that 
the fame reafons which may be alledged to 
lhew the propriety of their continuance of the 
language of Boyle are not here applicable : 
for this fubjeft has received fo very rapid an 

A 4 advance- 
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advancement within thefe few years, that it 
has rifen from a few fcattered fafts, to be now 
one of the moft important branches of Natural 
Philofophy ; and this change is fo recent, that 
no attempt has before been made to arrange 
thefe fadts, and to give them the form and 
method of a feience. As I have firft under- 
taken that talk, it appeared not ufelefs to re- 
vife the exprehions hitherto employed ; and as 
a JyJlemat'tc treatife, like the following, is 
chiefly intended for perfons beginning to ftudy 
the fubjedl, I thought that it ought to adopt 
that phrafeology which appeared to be the 
mod perfpicuous, and leaf! capable of miflead- 
ing the judgment. But certainly the language 
which is entitled to this defeription, is that in 
which known and eftablifhed words are appli- 
ed and confined to their known and eftablifhed 
meanings, and new words are appropriated to 
exprefs new ideas. Now the word Air having 
been immemorial! y a (limned to denote the fluid 
which we breathe, which is one fpecies only 
of permanently claftic fluids, cannot be applied 
in a generic flnie to the other fpecies of thefe 
fluids, without giving the idea of Boyle, that 
thev are all modifications of that refpirable 
fluid. And accordingly I have always per- 
ceived that perfons not converlant in the fub- 
ket received this impreftion from the names 
'Fixed Air, RAH ‘bus Air, See. 

It 
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f it be alledged, that as Boyle, Hales , and 
the Englifh philofophers who have written 
the fubjeft, have ufed the word Air in a 
eric fenfe, they have thereby eftablifhed 
cuftom. I grant that cujlom is the arbiter 
language; but as in law, fo in language, 
oms may be good or bad, according to 
ir extent. Now the cuftom by which air 
been ufed in a generic fenfe, is confined 
ifly to a few Englifh philofophers : but 
cuftom on which the fpecific meaning of 
t word refts, is popular, and fo fixed in 
guage, that the combined authority of all 
philofophers in the world could not induce 
nkind (when they mean to exprefs the well-, 
>wn fluid which they breathe) to ufe the 
thets common , refpirable, or atmofpherical, 
which that fluid muft be diftinguifhed by 
thofe who employ the word Air in a gene- 
fenfo. While therefore that word is fo 
ployed, the philofophical language will be 
variance with the popular language, and 
; acquifition of fcience be thereby ob-? 
ufted. 

When Van Helmont obferved that there were 
any fluids, befides air, which were poflcfled 
a permanent elafticity, and that the pro- 
rties of thefe fluids were different from thofe 
air, he very properly gave one name to thp 

whole 
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whole genus of fuch fluids, and diflinguifhed 
the fevcral fpccics by deferiptive epithets add- 
ed to the common generical name. And as he 
fee ms to have been the firft who had the idea 
of a genus of permanently elaflic fluids, (his 
prcdecdiors confidcring all hut air as conden- 
iable vapours) he accordingly applied a new 
word to lignifv this new idea. And in this 
conducl, lie followed the example of all thole 
who have arranged natural fubflances into ge- 
nera and Ipecies. The word which he applied 
to denote the genus of permanently elaflic 
fluids, is Gas, and the epithets which he add- 
ed to this word to diftinguifh the different 
fpccics, are, fyheflre , jhvnmeum , vcnlofum , &c. 
According to Junker, (Confpectus C hernia 1 , 
Tabul. XIV.) Van Hcbnont derived the word 
Gas from the German Gafcht , or Gafl, which 
fignifies a frothy ebullition or eruption of wind, 
fuch as accompanies the cxpulfion of gas from 
fermenting or tifervefeing fubflances. In this 
refpcct the etymology is not exceptionable; 
but perhaps the principal advantage of the 
word is, that its etymology is fo far from be- 
ing obvious, that it cannot lead to any erro- 
neous opinions. 

In this application of the word Gas, Van 
JJelmont has been followed by many of the fo- 
reign chcmilcs, and among others, by M. 

Mjc- 
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Macquer , the author of the Di£lionary of Che-, 
miftry. But as this Treatife is. intended prin- 
cipally as an Appendix to the Englifh tranfla- 
tion of that work, the fame language ought 
to prevail in both, and this confideration too 
was an additional reafon to induce me to adopt 
the prefent phrafeology. 

It has indeed been lately fuggefted that Van 
Helmont did not diftinguifh permanently elaftic 
fluids from condenfable vapours and exhalati- 
ons. But I think a very different opinion will 
be formed on examining his works, in which 
the following obfervations, among many others 
on this fubjeft, are found. 

i. Certain fluids (to which he firft gave the 
name of Gas) efcape from various fubflances 
and in various procefles. Among the many 
Gafes mentioned by V an Helmont are, the gas 
vcntofum, or air ; the gas pingue , or the fluid 
extiicated by applying heat to inflammable 
fubftances ; the gas fylvejlre , or the fluid pro- 
duced by fermenting or effervefcing fubftances ; 
the gas flammeum, or the gas produced in the 
deflagration of nitre ; the gas produced in the 
diftillation of tartar ; the gas produced in the 
burning of charcoal ; the gas of the Grotta del 
Cane f of mines t and other Jubterranean places % 
the gas produced by the putrefaction of animal 

bodies ; 
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bodies ; the matter which occafions the plague ; 
the arterial fpirit of life ; and laftly, his cele- 
brated Archaeus. 

2. ThefeGafes differ from vapour, which con» 
fills of minute particles of water or other li- 
quids, and which may be again reduced to the 
fame bodies whence it was exhaled ; whereas 
gafes are incondenfable [quod in corpus non cof 
potejl vifibile ; and incoagulabile.~\ De flatibus 
§. 33. Paradox, fecund. §. 9. Aura vi tails *. 
Thus he obferves, that the vapour raifed from 
fpirit of nitre bv diftillation, is nothing but 
that fpirit rarefied, which pafles wholly into 
the receiver, without any gas : but that upon 
adding any metal foluble in that acid, a gas 
is formed, which is capable of burfling the 
flrongefl vefTels. De flatibus §. 67. This gas 
is evidently that which is now fo Well known 
by the name of Nitrous Air , and which we 
have deferibed in chap. X. under the name of 
Nitrous Gas. 

3. The Gafes dflfcr alfo from at mofpherical air, 
(which however he calls fometimes gas vento - 

fum) 

* He fays indeed that the vapour of water when raifed into the 
tapper regions of the air may, by cold, be converted into gas,* 
and that gas may, in length of time, lofe its peculiar nature o i pi 
nnd be converted into water. But this opinion i$ only a confe- 
cjuenoe of his general theory, that water and air are the tuo 
rietnenfs nmn which ail things are formed. Gas aqu<$ §. 15* 
a. if. M.jltytt. chtji. j'fttt. §. j'S. 


Digitized by t^ooQle 



PREFACE. xui 

fum) and are not to be considered as air which 
had been pent up in the interftices of bodies. 
Complexion, atq. Mijlion. elem. figm. §. ip. 

4* GaSes do not exift, as fuch, in the bodies, 
whence they are expelled, but are new produc- 
tions formed, by the adion of fermentation, fire, 
and other cauSes, from the deftrudion of bodies, 
and by means of new combinations. Thus he 
obferves, that the gas formed in the deflagrati- 
on of gun-powder, did not exift in the nitre, 
Sulphur, and charcoal, but is formed by their 
aftion on each other, and mutual deftrudion. 
I) e fiat ib. §. 62, 63. 67, 68. Complexion, atq. 
Mijlion. elem. figm. §. 21, &c. 

It rnuft however be confeffed, that Van 
Helmont’s knowledge of thefe fluids does not 
feem to have had much foundation in experi- 
ment, or any other fupport than the dafual 
obfervation of an ingenious man, more intent* 
Po framing theories than establishing new fads. 
For when his dodrines became exploded, the 
Fads he mentions were fo negleded, that not- 
withstanding the existence of lb many gales is 
aflerted by him, I do not believe that his writ- 
mgs fuggefted the idea of any one of them to 
thofe who afterwards difeovered them : and it. 

18 ? ow onl y> Since their existence has been 
»gain difeovered and afeertained, that we trace 

them 
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them in the works of this author, as a matter 
of curiofity. While therefore we applaud the 
fagacity of Van Helmont , in having obferveJ 
the exigence of many permanently elaftic 
fluids, and in diftinguifhing them from condtn- 
fable vapours, and alfo from air; we ought 
not in juftice to make any abatement from the 
honour due to Boyle and his fucceflors who 
afterwards difcovered the exiftence and proper- 
ties of thefe fluids, collefled them in feparate 
veffels, fubjedled them to various modes ct 
experiment, and thence made applications to 
explain the phenomena of nature. I have 
therefore omitted making any further mention 
of Van Helmont in the following chapter?, 
having here collected into one view the fuo 
of what I think is due to him. 

I believe the following Treatife is the firil 
attempt to arrange the knowledge which we 
have acquired on this fubjed, the gentlemen to 
whom we are obliged for this knowledge, hav- 
ing only communicated their proper difcovr- 
ries. Neither Ihould I, at this time, when this 
branch of Experimental Philofophy is generally 
cultivated in many parts of Europe , and every 
day brings forth new truths, have thought ct 
the prefent talk, if it had not been a neceffary' 
fupplement to the edition of the Diftionary ot 
Chemiftry now publilhed. M. Lavoijter has 

indeed J 


Digitized by Google 



PREFACE. kV 

indeed given an account of the progrefs made 
by the feveral philofophers who have advanced 
our knowledge on the fame fubjeft. But his 
plan is very different from mine. He relates 
the difcoveries in the order in which they oc- 
curred to their authors ; thus including in one 
chapter all the difcoveries made by one man 
concerning many different kinds of fluids. I 
relate thefe difcoveries in the order in which 
they are naturally connected ; thus colle&ing 
into one chapter all that is known concerning 
one fluid ; and at the fame time afligning each 
difcovery, concerning this fluid, to its proper 
author. M. Lavoijier ’ s work is ufeful and en- 
tertaining, efpecially to thofe who are already 
converfant on the fubject, as it fhews how 
much each perfon has contributed. Mine I 
hope will not be lefs ufeful, as it prefents the 
fcience in the order in which it is naturally 
connected, and in which it may be moft eaiily 
attained. But while I exprefs my hope that 
thisTreatife may facilitate the ftudy of the 
lubjeft to learners, and may even be agreeable 
to perfons already informed, by exhibiting 
under one view the principal difcoveries and 
obfervations arranged under their proper heads, 
yet my aim is not to Jatisfy the curiofity of 
readers, but rather to excite it, fo that they 
may recur to the fame valuable originals, of 
which I have rather extracted the heads, than 

exhauft- 
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exhaufted the contents ; and where they will 
find many obfervations tending to confirm the 
principal refults ; many fads curious, but too 
detached for infertion in the following pages) 
and much ingenious fpeculatiom 


ERRATA. 

Page 21. Note. Line 12. Inftead of— “ a green matter which 
44 adheres to the Tides of vefl'cls filled with water, does, in a few 
44 hours after it is put under an inverted jar full of water, emit 
44 a confidcrable quantity of pure air,” read — 44 the water which 
44 has depofited a green matter, that ufually adheres to the fide* 
44 of vcflels filled with water, being put into an inverted jar, 
gl emits a confidcrable quantity of pure air/* 
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Explanation of the PlAte. 

r O fhew the method of making experiments on 
the elaftic fluids or gafes dcfcribed in this 
rreacife, the annexed plate and the following ex- 
planation are added. 

The gafes ought to be contained in jars, or other 
'lafs veflels, B, G, F, (Fig. i.) whofe mouths are 
nverted into water or fome other vifible fluid, that 
he gafes may be kept lbparate from the atmofpheri- 
:al air, and that their bulk may be diftinguifhed. 

When a jar, as B, Is intended to receive any gas, 
t ought to be previoufly filled with water* and its 
nouth inverted into another larger veflel* contain - 
ng alfo water, fUch as the oval or oblong wooden 
ub A, which ought to be raifed fothat it may be as 
ligh as the operator’s hands. This tub, being filled 
rith water up to W, is a very convenient veflel for 
eceiving fuch inverted jars ; as it affords room for 
rveral of them to ftartd in it at once ; and thus the 
;a1es contained in them may be poured from one jar 
nto another jar, or other inverted bottle G. If the 
nouth of the bottle G be narrow* the transfufion of 
;as into it from another veflel I, is facilitated by the 
unnel H. This method of pouring gafes from one 
eflel into another, by immerfing the mouths of the 
effels under water* is defcribed by the Hon. Mr. 

’ avendijh , Phil. Tranf. 1766. 

In the tub A, Dr. Priejtley places a fhelf K a little 
elow the furface of the water, for the more commo- 
ious fuppOrt of jars containing the different kinds ot 
as. 1 he jar B, which is to receive the gas, ough. 
a be placed fo upon the fhelf, that one of the edges 
f its mouth fhall hang over the fhelf, and that the 
aouth of the glafs tube D may be allowed to pafs 
mder that edge ; lay which difpofition the gas iflu- 
ag from the piiial C through the tube D may rife 
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into the jar R. Some perfons recommend to have ! 
the flv.lt pierced with a row of holes along its edge, ] 
and to have a lmnll funnel with its mouth inverted ' 
fixed imo each of theic holes. 

In order to procure gas, let the materials, which \ 
are to yield it, be put into a phial C, into the neck 
of which is ground a bent glafs tube D: or, the tube 
may be made to pals through a cork fitted into the 
mouth of the phial, in thofe operations where the 
materials employed are not capable of corroding the 
cork, and thereby of altering the quality of the gas. 

I et the end of the bent tube which is mod remote 
from the phial, be funk in the water of the tub A, 
lb that it {ball be immediately under the mouth of an 
inverted jar B previoufly filled with water, and that 
the gas produced from the materials in the phial {hall 
pals through the tube into the jar, in which it will 
difplace part of the water, and be collected. If heat 
be required for the production of the gas, the flame of 
a candle or of a lamp may be applied to the bottom 
of the phial, which ought to be blown thin and 
round, that it may be lefs liable to crack by the heat. 
The above method of procuring gas is employed and 
ddbribal by l)r. PriejVey , in his Obfervations and Ex- 
periments upon /Hr. 

T his operation may alfo be very well performed, 
by employing, inftcad of the phial and tube, a fmall 
retort K, with a long narrow neck, the mouth of 
which is immerfed in water under the mouth of an 
inverted jar F. Such fmall retorts are very conve- 
nient. as they have no joints; and where conlider- 
ablc iu-at is to be applied, a chafing-dilh with lighted^ 
charcoal may be put under their bottoms. 

When a hear greater than glafs veffels can fuftain 
is to be applied, the materials are to be put into a 
gun-barrel, or other metallic tuba, and the dole 
end of the barrel, in which the materials lie, may be 
put between the bars of a common grate, among 
the burning coals, and. to the mouth of the barrel 
may be fined, by nisans of lute, a glafs tube, the 
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sofe of which may be placed under the mouth of an 
nverted jar previoully filled with water, and Handing 
n the tub, into which jar the gas expelled by the 
violent heat from the materials in the gun-barrel will 
pafs and be collected. 

As fome gafes are capable of being abforbed by 
water, fuch as the acid and alkaline gafes, this liquid 
is not fit to be employed to contain them, &c. there- 
fore quickfilver muft be fubftituted. For this pur- 
pofe Dr. Prieftley recommends the ufe of a fmall 
wooden trough to cqntajn the quickfilver, in which 
the fame operations with fmaller jars may be per- 
formed, as are above defcribed to be done in the 
wooden tub. Fig. t . 

When a jar containing gas is to be removed from 
the tub, let a hollow plate, faucer, or other veflel, 
whole orifice is wider than that of the jar, be im- 
tnerfed in the tub, and flipped under the inverted 
mouth of the jar. The two vefiels may then be re- 
moved from the tub, and the external air will be 
prevented by the water contained in the lower veflel 
from entering the jar and mixing with the contained 
gas. By this method any number of jars containing 
gas of different kinds may be fet apart, for future 
experiments, and when there is occafion to pour any 
of the g^s contained in them into other vefiels, they 
muft be again immerfed in the tub, and the transfu- 
fion performed as before directed. When, in mak- 
ing experiments upon thefe fluids, jars containing 
gales of different kinds are fet apart, it is neceflfary 
to ticket them, in order to prevent miftakes. 

When a quantity of gas is to be tranfported to a 
diftant place, a bottle may be filled with it by means 
of a funnel in the manner reprefented in Fig. i. G, H * 
and a cork may be introduced under water into the 
neck of the bottle. The gas thus contained in the 
bottle, and fecluded from the external air by means 
of the cork and the (mall quantity of water that re- 
mains in the neck of the bottle, with which the cork 
U kept rooift, may be carried fafely to any di fiance, 
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if care be taken to keep it in an inverted pofi- 
tion. 

That the gas may be mixed with as little air, 
as is poffiblc, it is proper to allow the effervefcence 
of the materials to proceed during a minute or two 
before the mouth of the tube or of the retort be 
put under the inverted jar. By this method the 
greateft part of the air contained in the velTels U 
thrown out ; although fome l'tnall portion will always 
remain. If the gas ihould be required perfectly 
free from air, the following apparatus may be em- 
ployed. 

Into two glafs jars L and O (Fig. 2.) let two fmallec 
jars M and N be inverted ; and let a communication 
be formed between the two inverted jars, by means 
of a bent tube O, each extremity of which opens into 
one of thefe jars; Under the inverted jar N, let a 
imaller veil'd P be placed to contain the effcrvefcing 
materials. r l he air contained in the feveral jars and 
tube is to be expelled, by plunging them into the wa- 
ter of the tub A, and joining them while immerfed 
and full of water, in the order reprefented in the plate. 
The apparatus thus joined, and full of water, may 
be removed from the rub, and fet upon a table. To 
prevent the water contained in the jars from running 
over during the etfervefcence, part of it ought to be 
drawn oft' from the jars L and O, by putting the 
fhortcr leg of a fvphon or bent tube, previoufly filled 
with water, into either of thefe veftels, till the fur- 
face of the water in the outer jars be lowered to about 
the height of the dotted line e . The apparatus being 
thus prepared, if the matter, from which the gas is to 
be procured, be a liquid, as the folution of potafh in 
water, it may be poured through the tube R into the 
veflel P ; a:ul an acid may be afterwards poured 
through another fimilar cube into the fame veil'd, 
where the acid and alkaline liquors mixing with the 
water contained in the veil'd, and with each other, 
produce an cftbrveiecncc. The gas rifes towards the 
top of the inverted jar N, and puftics the water into 

the 
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the jar O. As more gas rifes, it occupies more aiu| 
more of the fpacc of the jar N, and it gradually 
forces its way through the bent tube Q_ into the jar 
M, where it is colle&ed. For, its paffage through 
the tube Qjoto the jar M, is refilled only by the co- 
lumn of water contained in the jar L, that is, from 
the fur face of the water at e, to the bottom of the 
jar L ; whereas the efcape of the gas under the in- 
verted mouth of the jar N, is refilled by the column 
of water in the jar O, the height of which is mea- 
fured by the difiance between/, reprefenting the fur- 
face of the water, and the bottom of the jar. And 
fhis column is rendered higher than the former co- 
lumn; becavjfe a part of the water of the jar N is 
forced out of it into the jar O, by the gas occupying 
the upper part of N. But when the gas paffes into 
the jar M,' it forces part of the contained water into 
the jar L, and may raife the column of water there la 
high, that the gas fi^all efcape under the inverted mouth 
ofthejar N into the open air, more eafily, than it 
fan pals through the tube Q_ into the jar M. It is 
therefore neceffary, during the operation, fometirnes 
fo draw off part of the water from the jar L, by means 
of a fyphon, that the paffage of the gas into the jar 
M may be facilitated. When the jar M i$ nearly 
full of gas, it may be yaifed a little, in order to dif- 
pngage jt from the end of the tube Q, and may be 
then removed along with the jar L; and two other 
fimilar jars, one inverted within the other, and both 
previoufly filled with water, may be fubllituted in the 
place of L and M, to receive the gas which conti- 
nues to pafs through the tube The operation 
may be continued by changing the jars, and by add-* 
ing occafionally more alkaline or acid liquor through 
the tube R; and large quantities of gas ohrained 
without any mixture of external air. 

If the fubftance, from whiqh the gas is to be pro* 
duced, be folid, as marble, of metals, it may be puc 
into the veffels P, before the apparatus is removed 
from the 
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poured upon it through the tube R, as above de» 
i'cribed. 

Jf confiderable heat be required to produce gas 
perfectly free from mixture of external air, the moft 
accurate method of accomplifhing this purpofe is that 
praftifed by Dr. Pricjllcy in fome of his experiments, 
namely, to put the fubttance, whence the gas is to be 
produced, into a phial, the bottom of which is thin 
and round-, to fill up the phial with mercury to in- 
vert this phial into a bafon containing mercury ; and 
to throw the focus of a concave mirror, or of a lens, 
upon the lub fiance, which being lighter than the mer- 
cury, will float on the furface of this fluid, under the 
thin bottom of the inverted phial. 

To try the efleit of any gas upon the flame of a 
/candle, let a piece of wax taper be fattened to one 
end of a wire, as is reprefented in Fig. 3. and let the 
lighted taper be dipt into a fmalljar Y, previoufly 
filled with the "as or air to be tried. 

O 

When the diminution occafioned by mixing nitrous 
gas with air is to be obferved, it will be proper to have 
two or more fmall jars Y, graduated with a file or 
diamond, each degree being equal in contents to an 
ounce meafure of water, or to any other given bulk. 
By means of thefe graduated jars, the quantities in- 
tended to be mixed of the air and nitrous gas maybe 
fir It meafured feparatcly, and the diminution, which 
they fuffer by their aftion on each other, may be col- 
lected from obferving the fpace occupied by them, af- 
ter they have been mixed. 

Signor Landriani , Abbe Fontana , and Mr. Magellan^ 
have each invented inftruments, which they call eudio- 
meters, by which the diminution upon mixing air 
with nitrous gas, and confequcntly the degree of l’a- 
lubrhy of the air examined, are intended to be afeer- 
tained more commodioufly, efpccially upon journeys, 
than by the above-mentioned apparatus of graduated 
jars. But notwithllanding the ingenuity Ihewn in the 
contrivance of thefe inttruments, the greater fimpli- 
city of t he graduated jars will, perhaps, .claim the 
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preference. For although this apparatus requires a 
pretty large veffel of water, in- which the transfufion of 
the air and gas is to be performed, and although it is 
therefore not fo portable as the eudiometers, yet no in- 
conveniency will arife, when we confider the facility 
of tranfporting the air to be tried. For which purpofe, 
nothing more is required than to carry a phial filled 
with wafer to the place, the air of which is to be ex- 
amined, and to empty the phial in this* place; by 
which means k will become filled with the air requir- 
ed, and by corking the phial, the air will be prevent-* 
ed from mixing with any other air, and may be kept 
till a convenient opportunity offers for trying its pu- 
rity, by mixing it with nitrous gas in a graduated jar* 
as is above deferibed. 

Fig. 4. reprefents a feflion of an apparatus of glafs 
veflels, in which water may be impregnated with the 
gas extricated from chalk and other calcareous or 
alkaline fubftances, by means of acids. See chap. XIF. 
of this Treatife, §. 118. T his apparatus, which was 
invented by Dr. Nooth , and is deferibed in the Phil. 
Tranf. vol. 65th, confifts of three veffels, S, T, and V, 
well fitted, by grinding, into each other, in the man- 
ner reprefented in the plate ; and of a glafs valve 
placed in the lower neck of the veflel T, fo contrived, 
that it fhall admit the gas, which is extricated from 
the effervefeing materials contained in the veffel V, to 
pafs from this veffel into the veffel T containing the 
water to be impregnated; but that it fhall prevent this 
water from falling into the veffel V. This valve con- 
fills of three pieces, views of which are reprefented 
upon a larger fcale by the figures l, tn and ». The 
pieces l and n are cylinders fitted by grinding into the 
lower neck of the veflel T. The lower piece » is per- 
forated along the axis of the cylinder. In the upper 
piece /, there are feveral very fmall perforations paral- 
lel to its axi9. Between thefe two perforated cylin- 
ders is placed the piece m , which is a fegment of a 
fphere, and is moveable. The level fur face of this 
fegment refts upon the upper, finooch, and level lur- 
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face of the piece n, covering the perforation, and 
thereby preventing the water contained in the vdlel 
T from falling into the velfel V. 

When the apparatus is to be ufed, let the upper 
Veflcl S be difengaged, and the veil'd 1 be filled with 
the water to be impregnated. Let as much water be 
poured into the lower veflel V as is luflicient to cover 
the bottom of the veflel. Some powdered chalk is to 
be thrown into this veflel; and then, as much acid of 
vitriol, as may be thought fufficient to faturarc the 
chalk, is to be added. Thelc effervefeing materials 
may be put into the veflel V, either through the 
mouth of this veflel, after the veflel T has been clifcn- 
gaged from it; or, without difengaging the veil'd T. 
through the aperture y, which is afterwards to be accu- 
rately doled with a ground Hopper. Laftlv, the vdlel 
S is to be fitted to the veflel T. When the gas rifes 
from the effervefeing materials contained in the velfel 
V, it pafles through the perforation of the cylinder;/.? 
prefles upon the level furface of the lenticular piece 
m\ raifes this piece a little upwards; efcapes into the 
(mail fpace between the two cylinders / and n\ and 
thence ail ends through the fmall perforations of the 
cylinder /, and alfo through the water contained in 
the veflel T, in the upper part of which it remains 
collc&cd. When the gas enters the vdlel T, it forces 
fome of the water, contained in this veflel, to rile into 
the upper veflel S, which is left open, or is Only elofed 
with a perforated Hopper, that vent may be given to 
the contained air, when the water is thus forced into 
this upper veflcl. 

The gas remaining in the upper part of the veflcl T 
is gradually abforbed by the water contained in this 
velfel-, and this abforption may be promoted by ire- 
quent agitation, which brings new portions of the 
water into contaft with t lie gas. The ablorption of 
gas is alfo promoted by the preilure occafioned by the 
column of water railed u:> into the veflel S. for pref- 
1 ure facilitates the ablorpiion, as 1M r. Cavcndf b has 
cblerved. The prclllnc might be incrcafed to any 
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5 »ven degree, by a valve (fimilar to the fafety-valve of 
» fire-engine) fitted into the mouth of the veflel S ; 
ar by a mercurial gage, as has been propofed by Mr. 
'fS’arltire, ( Exper. and Obferv. vol. III. Append.) And 
rlmus a much ftronger impregnation of water with gas 
may be effedked, than is polfible without artificial 
rompreflion. Cold alfo facilitates the abforption, as 
appears from the experiments of Dr. Hales. For the 
more commodious agitation of the water, Mr. Ma- 
gellan has added to the above defcribed apparatus two 
more veflels fimilar to S and T, by means of which 
the impregnation of water may be carried on at once 
in two fets of veflels, one of which fets is to be agi- 
tated, while the other is receiving the gas from the 
effervefcing mixture in the lower veflel V, and thus 
the water in each fet of veflels is alternately fupplied 
with gas and agitated. By this method water may 
be impregnated with gas in a few minutes. 

As the veflel V contains much air, at the beginning 
of the operation, it is proper to let the effervefcence 
proceed, during fome minutes, before, the fcveral vef- 
fels of the apparatus are joined together, that the 
greateft part of the air may be expelled, before any 
gas is collected in the veflel 1’. When the water is 
fufliciently impregnated, it may be occafionally drawn 
off at the fpout o, by removing the ftopper. 

To the water thus impregnated with gas ingredients 
may be added to give to it the peculiar qualities of the 
feveral mineral waters. Thus by adding a piece of 
iron to the impregnated water, the chalybeate pro- 
perty of Pyrmont water may be communicated. 

Dr. Priejlley impregnated water, by expofing it to 
the ftfatum of gas which floats over the furface of 
| liquors undergoing the vinous fermentation in a 
| brewery, and by pouring this water from one veflel 
Ito another, in order to encreafe its furface, and there- 
Pby to haften the impregnation. The Duke de Cbaulnes 
has ihewn how very large quantities of water may be 
impregnated very expeditioufly with the gas of a 
brewery, by agitating the water immerfed in the ftra- 
; b turn 
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rum of gas. The agitation is performed by means 
of an inftrument compofed of many pieces of wood 
palling tranfverfely through a long axis, and limilar 
to the inftrument uled for frothing chocolate. Ibis 
inftrument being put into a tub filled with water to 
be impregnated, is to be turned quickly and alter- 
nately from right to left, and from left to right, and 
thus a flrong impregnation is faid to be given in a few 
minutes. 1 he Duke recommends that tfonfiderabk 
quantities of water (hould be thus impregnated in 
great breweries, and put into large bottles well cork- 
ed and waxed, in which it may be fafely tranfported, 
and kept till it is ufed *. 

Many 

* The Dale Jr Cvaalnrs araited himfetf of the great qaaatkies 
of this gas which is to be found in a brewery to exhibit* in pre- 
fence of the Academy of Sciences, feveral of ks properties more £ 
large than had been done before, at leafi in France, wbeietic 
fabje& is mock more recently cultivated than in EngLcmd, mod be 
accompanied his experiments with a memoir on the pkeaonca 
produced by this gas, which will be printed in the next volume 
of Me moires des Sea vans Et rangers. 

The gas which he employed h that which floats on the furfret 
of beer during ks fomentation. He obfcrres, that t be attnofphoc 
of gas which rites from this liqaor fills all the upper part of the 
vat, in the bottom of which the beer ferments. The depth of the 
vat from its edge to the furface of the liquor was (bur feet, and 
this fpace was filled with gas unmixed, or atfcaft, in a Tery fotfi 
degree, with air. 

The iXuke de Chaulnes plunged a jar into this flratum of gas, as 
one plunges a veflel into the water contained in a bafon, and he 
withdrew it fo full of gas, that a candle was extinguished as fooo as 
it came to be terd with the edges of the jar. He then powtd 
this gas into another jar of equal fine, in the fame manner as vs* 
ter or other liquors are poured from one veflel into another. The 
gas defeends by this eafy operation from one jar to the other, fo 
that a candle will now burn to the bottom of the firfl jar, and viH 
be extinguifced as loon as it enters the fecond. The greater gn* 
vity of the gas than of air is thus (hewn in a finking manner 
Nothing can be more fiognlar than this a&ion of pouring from one 
veflel into another, where nothing appears that is thus poured, 
and to lee neverthelefs a candle rnftantly become extintf, an ani- 
mal die in a few fecond?, and an alkali made to cryflaQiza, when 
they are put into this fecond jar, which docs aot lean to con«® 
any thing. 
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‘Many other contrivances for the performance of 
particular experiments are deferibed in the writings of 
Dr. Hales (Statics) Mr. Cavendifh ( Pbilof. Tranf. 
1766, 1767) Dr. Prieftley (Qbfervatwns and Expert* 
mints on Jir % three vols.) and M. Lavoifier (Qpufculu* 
pbyjiques et cbemiques , VoU L) 

He moiftened the inner (ides of a jar with oil of tartar pet 
delxfuium, and poured into this jar lonie gas. In left chan a 
minute, thefe (ides were covered with cryftals. 

By putting ibfne caufiic volatile alkali into m veffel filled wills 
gas, and wefl clofed, he produced a vacuum, as appeared front 
the fall of the mercury of a barometer, inferred into this vefieL 

He filled large (lone-ware bottles with this gas, by bolding them 
daring fome time in the vat over the farftce of 'fermenting Squer* 
and having corked the bottles, ordered them to be carried .to the 
academy, in prefence of whom he exhibited his experiments. 


CON- 
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CHAP. I; 

Definition and Enumeration of Gafes. 

I-X M'OST, perhaps all, fubftances, folid and 
IV/ 1 liquid, may, by heat, more or lefs intenfe, 
be converted into fluids exceedingly rare, 
invifible, and highly elaftic. Thus when water is 
expofed to a heat fuffleient to raife , the mercury in 
Fahrenheit’s thermometer to 212% if it be not fubjeft 
to a greater preflure than that of the atmofphere, it 
becomes gradually changed into vapour, which is a 
fluid rare, invifible, and highly elaftic and the water 
thus changed, while it continues expofed to that tem- 
perature and preflure, retains its elaftic ftate*. 

Several 

* Whenever the vapour ef water becomes vifible, the water is 
no longer in the ftate of vapour; but is r a^ain ; ctndtnfcd. , that is, 
reduced to its original ftate of a liquid ; as is explained in §. S. 
For fogs, and vifible exhalations, are nothing but. aftfemblages of 
very minute drops of water formed by the condenfation of vapour j 
which drops are fo l’ruall' that they can fcarcely overcome the re* 

£ fiftance 
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* Definition and 

Several fubftances which were formerly thought 
unalterable by fire, have been lately difcovereii to 
be fufceptiblc of evaporation, when expofed to a heat 
fufficiently intenfe. Diamonds have been lately Ihewn 
by the French Academicians to be evaporable by a 
heat not much more intenfe than that ufed in the cu- 
pellation of filver. Gold and filver are faid to have 
been elevated by the heat of a concave mirror 

2. Many of the fubftances thus volatilized, or con- 
verted into a rare, invifible and elaftic fluid, by hear, 
may be again condenfed into concrete, or palpable 
and vifible fubftances, by expofing them to a heat lcfs 
intenfe than that which was necefiary to produce their 
evaporation. Thus when the vapour of water is ex- 
pofed to fome degree of heat lefs than 2 1 2% it lofcs 
its great elatticity, and bulk ; and is again condenfed, 
that is, reduced to its original ftate of a liquid. All 
thofe rare, invifible and elaftic fluids which may, by 
cold, or fuch a degree of it as has been hitherto ap- 
plied, be thus condenfed, are called vapours. 

3. Several other highly elaftic, invifible, rare fluids 
cannot, by the cold of the atmofphere, or by any 
degree of cold to which they have hitherto been 
known to be expofed, be thus condenfed. Such is 
the air which we breathe, and fuch are the elaftic 
fiuids , which efcape from wine and other fermenting 
liquors, and from the efFervcfcing mixtures of acids 
and alkalies, 

Thcfe 

fi (lance which the air makes to their defeent, and therefore feem 
to be fufpended in that fluid. For their gravity being as their 
quantity of matter, and the refiflance of the air being as their fur- 
faces, it follows, that the fmaller the drops are, the more refin- 
ance will be given to their defeent through the atmofphere, 
f BufTon, Supplement, Tome 3ir.c. 
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Enumeration of Gafes] 3 

Thefe Fluids are called permanently elajlic , becaufe 
they cannot, like thofe mentioned in §. 2, be deprived! 
of their elafticity by cold *. They are alfo called Gas 
by Van Helmont, who difcovered many of thefe per- 
manently elaftic fluids, and comprehended the whole 
genus of thefe fluids Under this appellation ; while 
he diftinguifhed the feveral fpecies, by adding de- 
l'criptive epithets to the generical term ; as gas fyl- 
vcjlre, gas ventcfum , gas flammeum, &c. -f* 

4. A Gas may therefore be defined" ah exceed- 
“ incly rare, Highly elastic, invisible Fluid* 

“ NOT CONDENSABLE BY COLD.” 

By this deflnition a Gas may be diftinguiflied from 
other fubftances* The elafticity of gafes is fo great* 
that they can fupp&rt the weight of the incumbent 
atmofphere, and yet remain fo rare* that although 
time are denfer than others, yet they ate all feveral-' 
hundred times lighter than water. They are diftin- 
gu iihed from fihokt and other vifiblt exhalations, by 
their being invifible, and alfo by their great elafticity ; 

B 2 and' 

* The Fluids called pertHahcntly elaftic, tnay be fixed, abforbed* 
Or deprived of their elafticity, by being combined with other Alb*- 
fiances. Thus the permanently elaftic fluid obtained from cal- 
careous earths, may be abforbed by water, or by the quicklime that 
is diflblved in lime-Water j aud when it is thus abforbed and com- 
bined, it is reduced to a fpace fevetal hundred times left than that' 
which it before occupied. And further, although thefe fluid* 
retain their elafticity in any degree of cold to which they have 
been expofed, we cannot with certainty infer, that fame of them 
might not be condenfed by a more intenfe cold. The permamney 
of the elafticity, therefore, of thefe fluids is to be underftood ordy 
at relative, tft, to their uncombined ftate, and, 2dly, to any de- 
gree of cold to which they have hitherto been known to be r 
expofed. 

+ Sec an enumeration of the principal gafes obferved by Fan 
in the preface to this Treatifc* 
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4 Enumeration of Cafes. 

and they are difiinguifhed from vapours , by their not 

being conden fable by cold. 

5. The various kinds of Gas hitherto difcovcred, 
native or produced by art, are enumerated below. 
Thefe fhall be treated fucceffively. Others will pro- 
bably be difcovered by means of future experiments 
and obfervations. 

1. Air. 

2. Calcareous Gas. 

3 . Inflammable Gas. 

4. Nitrous Gas. 

5. Vitriolic acid Gas. 

6 . Marine acid Gas . 

7. Nitrous acid Gas. 

8. Fluor acid Gas. 

9. Alkaline Gas. 


CHAP. II. 

On Air. 

6 . AIR is the invifible, infipid, inodorous, pellucid, 
^ fonorous, refpirable, and permanently elaltic fluid 
that furrounds our Globe. From the perman.ncy 
of elafticity, it is comprehended in the defini- 
tion given (§. 4-) of Gafcs, of which it is therefore 
a fpecies, and might be called Atmofpberical Gas, in 
conformity with the mode which we have adopted of 
denoting the fcveral fpecies of permanently elaftic 
fluids by deferiptive epithets added to the generical 
word Gas -, but the word Air having been immemo- 
rially applied to fignify this fluid, we fhall, in the fol- 
lowing pages, employ it in this popular fenfe, and 
fhall confine it to denote the atmofpherical fluid alone. 

And when I fhall have occafion to mention thofe re- 
fpirable 
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fpirable and permanently elaftic fluids which may be 
obtained by certain artificial procefles, and to which 
the fame name cannot be denied, as they poflefs all 
the known properties of air, 1 fhall diftingUifh them 
from the atmofpherical fluid, by adding the epithet 
factitious to the word a/r Phyfical writers have 
treated copioufly on the gravity, elafticity, and other 
mechanical qualities of air. Its chemical properties have 
been difeufled at the article Air of the Dictionary of 
Ckemijlry. Here therefore fome fupplemental obfer- 
vadons only fhall be added, concerning its affections 
by different fubftances, and its confutation. 

7. Air is capable of combining with various fubftances. 
Hence the atmofphere is replete with diverfe exhala- 
tions, and with all thofe matters which the air can 
diflolve : and its properties are affedted by the quan- 
tity and kind of foreign particles contained in it. 

8 . Water is one of thofe fubftances which Air is ca- 
pable of dijjolving 1 and accordingly more or lefs of this 
liquid is always contained in the atmofphere ; as 
appears from the moifture imbibed by dry cauflic 

B 3 alkali 

J The word sir hat been ufed by Mr. Boyle, Dr. Hales, Dr. 
Black, Mr. Cavcndijb, Dr. Pritjilty , and other Englilb authors, to 
denote the whole genus of permanently elaftic fluids, mod of which 
differ widely, in their properties, from the atmofpherical fluid. I 
hare, in the preface, given my reafons, for confining this word 
to its proper, antient and popular meaning, aud for giving other 
names to the fluids which thefe authors have diftinguiihed by the 
terms, fixed air , inflammable air, nitrous air , See. But to pre- 
vent any ambiguity that might arife from this difference of phrafe- 
ology, I have, in treating of each fluid, mentioned the names by' 
tvhich thefe authors have diflinguifhed it. Thus when they fpeak 
ol the fluid which is the fubjedl of this chapter, they add to the' 
word Air , (by which alone it is diftinguiihed in this TrcatifeJ 
■he epithets common , or, refpirahlc* 
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alkali expofed to air, or from the condenfation of 
moifture on the external furface of a veflel in 
which artificial cold is produced by mixture of fait 
and fnow. Probably no part of the atmofphere is ever 
free from a portion of diflolved water, befides the 
watery particles that float vifibly , (for water diffolved 
in air is invifible) forming clouds, and fogs ; all which 
are mechanically fufpended in the lighter atmofphere, 
as gold-leaf is in water, and not chemically combined 
with the air. 

9. As water is capable of being diflolved by jir, 
and thereby diflfufed through the mafs of the atmo- 
fphere, fo alfo is air capable of being abforbed by water , 
and the air thus abforbed feems to lofe part of its 
elafticity. Thus if water be deprived by boiling of all 
the air or other Gas contained in it, and afterwards be 
expofed to the atmofphere, it will abforb fome air, 
And if a bubble of air be admitted into an inverted 
bottle filled with boiled water, the whole quantity of 
air will be abforbed, provided the bubble of air be not 
larger than is requifite to faturate the quantity of water 
employed *. 

The quantity of air capable of being abforbed by a 
given quantity of water, is, according to Dr. Hales , 
equal in bulk to one fifty-fourth part, and according 
toNollet, to one thirtieth part of the water employedf . 

IO, Air 

* This abforption of air by water has been generally faid rooc- 
cafion no fenfible encreafe of the bulk of the liquid. Mufchcnhcd 
however observes that the air abforbed by water does add a Teiy 
little to the bulk of the water ; but that any difference it may pro- 
duce in the fpecific gravity of the liquid is fofmall that itcanfcarce- 
ly be difeovered by experiment. Introd, §. 1481. 

f We need not wonder that a fubftance fo rare and elaftic as air 
(liould be thus united to water, and by the union be deprived of tht 

greaied 
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ip. Air promotes the combufiion of inflammable Indies ; 
and the air thus employed is altered by the operation. 
Thus when charcoal or other inflammable fubftanee is 
burnt, the air in which this combuftion happened, 
becomes pofiefled of properties very different from 
thofc of common air, 

1 1 • Air thus altered by burning fubflanm becomes lefs 
in bulk than it was before the alteration, as Mr* Boyle 
has obferved* Thus, when lighted candles or other 
kindled fubftances are put under a receiver, the mouth 
of which is inverted ai>d immerfed in a veflel filled 
with water, they burn a little while, longer or (horter, 
according as the quantity of air is greater or lefs relfrr 
tively tQ the quantity of fubftanee actually in combuf- 
tion at a time* When they have eeafed to burn* the 

B 4 water 

greateft part of its elafticity ; this phenomenon being eonfentaneoua 
with the general analogy of chemical folutiens or combinations,. 
For in all chemical folutiops, the integrant parts of onp body are 
divided and feparated by thofe qf the Qther component body. Thus 
the panicles of air are feparated from each other by the particles of 
water* But elasticity or expanfire force cannot be confidered as the 
property of any fingle particle, for it implies two particles, at 
lead, endeavouring to recede from each other, The particles 
therefore of air being copfiderably disjoined from each other, and 
engaged with thofe pf water, may have their expanfive power fo 
much weakened, that they yield to the combining power of water, 
The elafticity however of air abforbed by water is pot deftroyed, 
but oply dimtnilhed j for by the application of heat, or by remov- 
ing the preiTure of the atmofphere, the air gradually recovers itsex- 
panlive force, and difengages itfelf from the water. Thus Af. dt 
Luc obferved, when he was making thermometers with different li- 
quors, that thefe liquors which had been deprived by boiling of much 
of their contained Air or Qther Gas, did neverthelefs expand gradu- 
ally, and rife many degrees in the ftems of the thermometers, when 
the preffure of the atmofphere was removed, and that this expaniioq 
place long before any bubbles appeared. See Rccbenbex fyr 
U edification de Tatmofpt)ere % I. 230, 
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water within the receiver may be feen to rife higher 
than it was before the combuftion, as foon as the in- 
cluded air has loft the heat which it had received from 
the burning fubftance. 'I he greater height of the water 
within the receiver after the combuftion, than before 
it, fhews that the included air prefles with lefs force on 
the furface of the water than the external air does; 
and conf-quently that it is reduced to a fmaller fpace 
than it occupied before the combuftion. 

I his diminution of the prejfure , or of the bulk of the 
quantity of air contained in the receiver, occafioned 
by the combuflion of inflammable fubftances, may 
depend upon a diminution of the quantity of this elaftic 
fluid by abforption , or by precipitation of part of it, or 
upon a diminution merely of its elajlicity, while the 
quantity remains the fame. Dr. Hales confiders it as 
a diminution of the elafticity of the contained air : 
but Dr. Priejlley is inclined to think, that it is a dimi- 
nution of the quantity of air, fomc part being precipi- 
tated ; and he is induced to form this opinion, from his 
not having been able to find any con/tderable alteration 
in the fpecific gravity of the air in which candles or 
brimftone had burnt. From feveral trials purpofely 
made he thinks that this diminilhed air w r as not hea- 
vier, but rather lighter than air which had not been di- 
xniniflied. Exp. and Obf. on Air, I. 4 6 and 267. II. 94. 

Dr. Hales oblcrved that the air continued to diminijb 
under the receiver feveral days after the extin&ion of 
the candles. This continued diminution may proba- 
bly have been occafioned by a gradual abforption of 
fome part of the air by the water in which the inverted | 
receiver was immerfed •, for Dr. Priejlley remarks, that j 
** this diminution of air by burning is not always im- ’ 
“ mediately apparent, till the air has pafled feveral ! 

“ times 
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u times through water ; and that when the experi- 
“ ment was made with veflels ftanding in quickfdvcr 
** inftead of water, the diminution was generally in* 
“ confiderable till the air had pafied through water.” 
Exper. andObferv • on Air, vol. I. 4 6. 

Air altered by burning fubftances occafions a preci- 
pitation in lime-water. It appears therefore that by 
combuftion fome Gas is produced which is capable of 
unitingwith the quicklimediflolvcd in the lime-water; 
and is probably the fame which will be delcribed in 
chap. 3d. under the name of Calcareous Gas. Whether 
this Gas proceeds from the combuftible body employ- 
ed, or from fome precipitation of part of the air, or 
be a compound refulting from the union of fome part 
of the inflammable body with the air or any of its 
component parts, has not yet been afeertained *. 
"When this Gas has been abforbed by water or by 
lime-water, the remaining part of the air is alfo noxi- 
ous and unfit for maintaining flame. 

Air diminijhed by burning fubftances is no longer capable 
of maintaining fire. Dr. Defaguliers obferves that Air 
which had palled through burning coals into an ex- 
haufted receiver immediately extinguiflied flame. 

Air is not capable of fujfcring more than a limjted dim i- 
nutionby burning fubftances. The diminution of the 
bulk of a quantity of air included in a receiver in which 
a candle was allowed to burn as long as it could, was 
found by Dr .Hales to be equal to one twenty -fixth part 
of the whole quantity of included air, and by Dr. 

Mayo-vj 

* This Gas cannot be produced from an inflammable body mere- 
ly by heat without combuflion ; tor when the focus of a burning 
glafs was thrown on a bit of charcoal fufpended in a receiver filled 
with any other Gas than air, and inverted into a veflel containing 
lime-water, no precipitation was occafioned in the lime-water. 
Exp. and Obf. I. 136. 
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Mayow to be one thirtieth, and by Dr. Prieftley to be 
one fifteenth or one fixteenth. This diminution is 
oMlrvcd to vary in different circumftances. Dr. Halts 
obfcvved that air fuffercd a greater diminution in equal 
receivers by large, than by fmall candles ; and alfo 
with equal candles, in fmall, than in large receivers. 
Probably the candles become extindl as foon as all the 
air in contact with, or near their flame, has fuffercd 
its alteration ; for by other modes of combuftion, the 
air has been made to fuffer a much greater diminution. 
Thus Mr. Cavendijh found that air was diminifhed 
one tenth by paffing through an iron tube filled with 
red-hot powder of charcoal. Exp. and Obf. vol. 1 . 129. 

And Dr. Prieflley has diminifhed the air much more 
by throwing the focus of a lens, or of a concave mir- 
ror, upon a bit of charcoal fufpended in- a receiver. 
Id. p . 4 7 * 

1 have produced adiminution equal to one fixth part 
of the included air by making the candle while it burns 
move quickly through the different parts of the invert- 
ed receiver, and thereby bringing the flame into con- 
tact with more of the air, than when the candle re- 
mains in one fituation till it becomes extinft. 

1 2 . Air promotes the calcination of Metals ; and it is 
alfo diminifhed by this operation, which is confidered 
by Chemifts as a fpecies of flow combuftion. 

Ibis diminution , like that effected by burning fub- 
ftances, cannot be carried beyond a certain proportion la 
the whole quantity of air empl eyed. A ccordingly. Father 
Fcccaria found by ex poling filings of lead and tin 
to heat in veflels hermetically fealed, that only a pat 1 
of thefe metals could be calcined, and that this part 
was proportionable to the capacity of the vcffcls em- 
ployed. [Man. dc V Acad, de Turin it.] 

After 
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After the air has fuffered its utmofl diminution by 
calcining metals, it is no longer capable of promoting 
any further calcination. 

The diminution of dir by the calcination of metals has 
been found by Dr. Priejlley to be equal to one fourth 
of the whole quantity of air employed. Vol. I. p. 134.* 
But M. Lavoijicr eftimates this diminution only 'at 
one fifteenth or one fixteenth. * 

Air diminilhed by calcination differs from the air 
.diminilhed by burning fubftances in this refpeft, that 
it dees not occafton a precipitation in lime-water, the reaion 
of which difference is affigned by Dr, Priejlley to be, 
that the calx feizes the part of the air, which is pre- 
cipitated, in preference to the lime. Vol. T. p, 136. 

The water however over which metals have been 
calcined acquires a yellowifh tinge, and an exceedingly 
pungent fmell and tafte, Id. 135. 

1 3. Metals acquire weight by calcination, and the air 
which has afllflcd in this procefs, is thereby diminilhed. 
Thefe fads feem to fhew that fomething is abforbed 
during calcination by metals from the air-f-. 

This abforption of air, or of fome part of air, is 
further rendered probable from the claftic fluid that 

has 

* This very great diminution cf air was efTerted l>y throwing the 
focus of a burning mirror or lens upon hits ot lead and tin fuf- 
pended in a glafs receiver. 

f The firft perfon who aferibed the acqulfition of weight by 
calcining metals to the abforption of air whs Jean Rev, uho ha* 
written eaprefsly on this fubjedt, in a book entitled, EJJith dejcan 
Rey DoiUur tn Medicine, fur la reebrrebe dc la caufc pour Li quelle C li - 
tain ct lc plomf augmtnte dc poidt , quand on les calcine. A Bazas I Gjo, 
This author attributes the encreafe of weight to the adhrfton of the 
deafer part of the air to the calxes, while the more fubtile part of 
this fluid, which prevents the adhefion of tbe air to other fub- 
fiances, is feparated during the calcination. 
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has been obferved to efcape during the reduction or re- 
vival of metallic calxes, and from the lofs of weight 
fultained by them during that operation. 

14. Air is diminijked by exhalations of liver of fid- 
flur t and of various inflammable fubftances. 

Mr. Boyle relates that a quantity of air was totally 
cb for led by til of turpentine and fpirit of wine mixed to- 
gether. [Boyle's works, vol.V. f. 113-] Dr. Prieflley 
has alfo found that oil of turpentine pofleffcs the 
power of diminifhing air in fo great a degree, that in 
one experiment one fourth only, and in another ex- 
periment only one fixth of the original quantity of 
air remained. Vol. III. f. 92. Dr. Hales found that 
air was abforbed by the pyropborus of Homberg ; and 
Dr. Prieflley obferved that diminutions of air were 
occafioned by liver of fulpbur ; by a cement compofed 
of turpentine and bees wax ; by white faint ; and by 
red lead and oil. Vol. II. p. 1S2. 

Dr. Hales found that a mixture of fulpbur and filings 
cf iron formed into a pafte with water diminilhed air; 
and the diminution has been eftimated by Dr. Prieflley 
to be equal to one fourth or one fifth of the air em- 
ployed. [Exp. and Obferv. vol. T.p. 105.] This dimi- 
nution was equal, whether the experiment was made 
over mercury or over water. The diminilhed air 
was found to be lighter than pure air ; and it did 
not precipitate lime-water ; the caufe of which has 
been attributed to the acid of the fulphur diffolving 
the lime, and thereby preventing its precipitation. 
[Exp. and Obferv. vol. 1 . p. 105.] , 

1 5. Air is dminifbtd by expofure to putrefying fub- 
fiances. At firll an claltic fluid is frequently generated, 
by which the bulk of the air is encreafed *, but in 

eight 


* See Chap. XI, 
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eight or ten days, the air is reduced to about four 
fifths or five fixths of its original dimenfions. [Id. 
vat. 1 . p . 78.] 

16. Air is diminifhed by refpiration of animals, as Mr. 
Boyle firft obferved. Vol. IV. p. 122. The diminution 
was found by Dr. Hales to be about one thirteenth^of 
the whole air employed. 

Air diminifhed by refpiration precipitates the lime 
contained in the lime-water, as Dr. Macbride obferved. 

1 7. Various other fubftances and mixtures have been 
obferved to diminifh air, among which are the fol- 
lowing : 

a. Lime mixed with water. Hales. 

h. Lime mixed with Sal Ammoniac. Hales. 

c. Lime mixed with Acids, Hales. 

d. Marine acid extricated by pouring vitriolic acid 
on fea-falt, or on fal ammoniac. At firft fome fluid 
was generated, probably that which is treated of in 
Chap. VII. under the name of Marine acid gas. 

e. Volatile alkali mixed with iron. Hates. 

f. Volatile alkali mixed with copper. Hales. 

g. Iron filings mixed with water. Hales. M. La- 
voifier found that the diminution of air by iron-filings 
and water amounted to one fourth part of the air in 
the fpace of two months ; and Dr. Priejlley obferved, 
that the air thus diminifhed could not be further di- 
minifhed by nitrous gas. Exp. and Obf. vol. II. 
p . 182. 

b. Df. Hales obferved that air was diminifhed in 
the dijlillation of aquafortis , and by the mixture of 
aquafortis with copper ore , or with pyrites, or with coal. 
And Dr. Priejlley has found, that even the pure co- 
lourlefs nitrous acid vapour does, in length of time, 
phlogiflicate air. 

i. Vo. 
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i. Vctaiik fa l ammoniac during its fublimation. Hate:. 

k. Sulphur fublimin*. Hales. 

L Vinous Gas . Boyle III. 144. See Chap. III. §. 35. 

m. Nitrous Gas. Hales. See Chap . V. 

71. EleBric /parks. The eledtric lpark being made to 
pals through a quantity of air included in a glafs tube, 
in which alfo was contained fome water tinned blue 
with turnlole, diminifhed the air one fifths and changed 
the blue colour of the liquid to a red. Exp. and 
Oh f vol. I. p . 184. When the eleftric fpark was 
taken in air over lime-water, the lime was precipitat- 
ed. Id. 18 6. And when the elcftric fpark was taker) 
in air and in a vcflel containing fome can flic vegeta- 
ble alkali, the alkali became cryflallized. llozier. 

Aug . 1777. 

c. Concentrated vinegar. Exp. and Obf. vol. JI. 

p. 27. 

p. Nitre, which has been melted, during its cool- 
ing, was obferved by Dr. Priejlley to injure common 
air. VoL II. 167. 

q. Vitriolic acid Gas was obferved by Dr. Pricftiej 
to injure common air. Vol. II. 209. SeeCh. VI. 

r. Bolognian Phofpborus diminilhes and phlogifti- 
cates air in a remarkable degree. But the Fbofphorus 
of Urine produced this effedt very flowly and in a 
fmall degree, as has been obferved by Signor Alexander 
Volta. Exp. and Obferv. vol. III. 381. 

s. Air is diminifhed by Diamonds expofed to violent 
heat. M. Lavoificr obferved that 60 cubic inches of 
air, in which four grains and a half of diamonds wcTe 
expofed during 16 minutes to the focus of 'ifehirn- 
haufen’s great lens, fuffered a diminution of eight 
cubic inches. The air thus diminiflied precipitated 
the lime contained in lime-water. Man. de t Acad, 
des 
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in Sciences a Patts, 1772. This experiment* together 
with the flame obferved in diamonds expofed to heat 
under a muffle, and the prefervatien of diamonds in 
the fire by inveloping them in powdered charcoal, 
feem to decide the queftion, lately agitated in France, 
in the affirmative, whether the effed of fire on dia- 
monds be a real combuftion. See the DiBionary of 
Cbemiftry, article Diamonds. 

18. Airwhich has been once diminilhed to itsutmoft 
by any one of thefe procefles cannot be further dimi- 
nifhed by a repetition of that procefs, or by any of the 
other diminifiiirig procefles. Ex per. and Obfervat. 
vol. I. 132. 

19. Air may be totally and almoft inftantaneoujly 
abforbed by charcoal heated red-hot, or which has 
been heated red-hot, and extinguished without expo- 
fure to air in quickfilver. The quantity of air which 
may be thus abforbed or devoured is many times the 
bulk of the charcoal employed. The fame e fifed is 
produced by charcoal, thus prepared, upon the other 
permanently elaftic fluids. This very aftonifhing fad 
has been lately difcovcred by the Able Fontana, and 
communicated to me by Dr. Prieftley. In order to 
repeat this experiment, let a jar partly filled with 
quickfilver and partly with air, or other elaflic fluid, 
be inverted into a bafon of quickfilver, and let pieces 
of charcoal, which have been previoufly made red-hot 
and extinguilhed in quickfilver, and which have not 
been expofed to air, be flipped under the jar, in which 
it will afeend through the quickfilver till it comes 
into contad with the air included in the jar, part or 
all of which air, according to its quantity relatively 
to the quantity of charcoal, will almoft inflantane- 
oufly dilappear. The Able Fontana has made many 

experi- 
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experiments in confequcncc of this difeovery, a rela- 
tion of which, whenever he publifhes them, cannot 
fail of being; very interefting. 

20. Air is nee fairy to animal life , as is well known 
from the fatal effects of enclofing animals in exhaufted 
receivers, or in receivers filled with any other gas 
or vapour. Some in lefts however are laid to live well 
in vacuo. Mi.fclen l . Introd . ad Phil. Nat . §. 2167. 

'1 he air that has once lerved for the refpiration of 
animals is unfit to be again rclpired, and is fatal to 
life . The quantity of air emplo} cd for refpiration by a 
man is computed by Dr. Hales to be a gallon in every 
minute. 

From the noxious quality of refpired air, may we 
not explain the fafts related by travellers, that ani- 
mals arc billed by the breath of whales, and especially 
by the breath of an immenfe ferpent that inhabits 
the banks of the river Amazon * ; the air refpired by 
thefe very large creatures being fufficient totally to 
invelope fmallcr animals, and to exclude the air during 
a fmall portion of time, which, however, is fufficient 
for this noxious air to produce its fatal efteft ? If it 
be objected, that air, by having been refpired only 
once, does not appear, from experiments hitherto 
made, to be fo far vitiated, as to become capable of 
defiroying life; may it not be anfvvered, that the air, 
by being expoiVJ to a much greater furface of lungs, 
arid perhaps during a longer time, in thefe very large 
animals than in men, may probably fufTer a much 
greater degree of injury, and be more completely 
phlogiiticated ? Perhaps alfo the effluvium and fmeli 
of the breath of thefe large animals may be peculiarly 
oflenfive to the organs of fenfarion of other animals, 

which 

* See Don Ulloas Voyage. 
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which they may affefl in the fame manner as the exha- 
lations, deferibed in §. 22. do when refpired. 

The more denfe the air is, the longer it is capable 
of fuftaining the life of animals, as appears from the 
experiments of Mr. Boyle. Neverthelefs, a rarefied air , 
provided it be frequently renewed, fuftains life very 
well. Condamine lived feveral weeks upon the Peru- 
vian mountains, where the air was fo rare that the 
mercury of the barometer was no higher than fifteen 
inches and nine lines*. An air alfo exceedingly denfe 
may be with fafety refpired. Divers fometimes 
breathe under bells an air nine times denfer than the 
air of the atmofphere. 

21. Not only the air diminilhed by refpiration is 
noxious to animals j but alfo the air in which inflamma- 
ble fubftances have humt\ the air in which hepar of ful - 
fbttr, and fumes of inflammable fubftances have exhaled ; 
the air in which fubftances have undergone the putre- 
factive fermentation , and probably all other kinds of 
dimini/bed air , are noxious to animal life f, extinguijb 
flame t, and are incapable of diminifbing nitrous gas, 
which is a diftinguiftung property of air. 

U From 


* See Bonder's Voyage to Perm . 

f Neverthelefs, Mr. Boyle obferved that animals lived nearly as 
loog in air in which candles had burnt, as in the fame quantity of 
fitihair, and Dr. Priefiley confirms the obfervation by his own ex- 
periments. Hence it appears that animals can bear a greater de- 
gree of depravity of air than is generally occafioned by the burn- 
log of candles. But although dame be generally extinguiihed 
when the air hasfuffored an inconfiderable diminution, yet by throw- 
ing the focus of folar rays on a hit of charcoal, the air may, by means 
[of combuftion thus promoted, be diminilbed as much as it can by 
any other method, that is, one fifth of the whole quantity, as Dr. 

i Priefiley has (hewn. It cannot be doubted, that air thu$ dimi- 

aiflied as much as it can be by burning fubftances, is noxious 
|nd fatal to animal life. See §. i n 
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From the many inftances of the diminution of air 
by combuftion, calcination and other proceffes, in 
which the phlogifton contained in bodies is fuppofed 
to be feparated from them, or merely by expofing air 
to phlogiflic vapours, it appears that the alteration 
produced in the air is effected by the phlogifton of 
thefc bodies combining with the air, or otherwife 
operating upon this fluid : and the air thus altered is 
accordingly called pblogifticated air. With this phlo* 
giflicated air is generally mixed a fmall portion of a 
gas which precipitates the lime contained in lime-water, 
and therefore feems to be the fame which will be de- 
feribed in chap. III. under the name of calcarecw 
Gas. And although in fome inftances, as in the cal- 
cination of metals, this gas does not appear, yet we 
cannot thence infer that it is not produced, becaufe 
it may be ablorbed by the calcining metals, or other 
fubftances employed. See §. n and 12. 

22. Almoft all exhalations, vapours, and fumes, 
when in confiderable quantity, make the air unfit for 
refpiration. The vapour of pure water threw a bird 
into great anxiety ; the vapour of vinegar had the 
fame effeft ; vapour of fpirit of wine killed a bird ; 
and the vapours of oil of turpentine, oil of olives and 
of fpirit of fid ammoniac, were alfo found to be fatal to 
life. Mujchenb. Inlrcd.ad Philcf. Nat. §. 2049. The 
vapour of newly plaftered walls and of granaries are 
known to be noxious. Lagbius found that the fmell 
of camphor and of mulk was fatal to animals. Comm. 
Bonon, tom. 3. We lhall hereafter fee that every 
fpecics of Gas, air excepted, is noxious; and, they 
have been all obferved to be morcfuddenly fatal than 
a vacuum is : hence, it is evident, that their noxious 
quality does not depend merely on their preventing 

the 
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the accefs of air, or from their want of any principle, 
which may be fuppofed to render air neceflfary to life, 
but alio from fome iaftant and immediate effcd on the 
organs of fenfation. Animals may be rendered lefs fen- 
Sble of the difagreeable impreffion, and lefs liable to 
be injured, by being gradually habituated to it, as 
Dr. Prieftley has obferyed. JLxper. and Obferyat. 
vol. I. 72. 

23. Some attempts have been made to reftore vi- 
tiated air f and render it again fit for refpiration. Dr, 
Hales fays that he cleaqfed air, which had been re- 
fpired, by making it pafs through flannel imbibed 
with fait of tartar ; and that he prolonged the corn- 
bullion of a candle ip a given quantity of air by the 
fame operation. The flannel employed gained weight, 
probably by abforbing the calcareous gas which is 
produced by eombuftion or by refpiration, as has been 
obferyed, §. 11 and a 1, But as in air vitiated by re- 
fpiration or by burning fubftances, not only this cal- 
careous gas- is noxious, but alfo the refiduum after 
this gas has been feparated by being abforbed in wa- 
ter, is found to extinguifh flame, and to be incapable 
of fuftaining life, the above method of Dr. Hales can- 
not be very effectual. Dr .Prieftley fays, that by long- 
continued agitation in water , he has reftored air vitiated 
by refpiration, putrefadion, eombuftion, calcination 
of metals, a mixture of filings of iron with fulphur, 
or by white paint. Was this melioration produced 
by the water feparating the vitiated part of the air 
from the reft by abforption ; or by the agitation 
cflefting a kind of circulation between the exter- 
nal air and the vitiated air included in the jars, by 
which means much of the former might be receiv- 
ed intQ the veffels, while part of the latter 'might 
C 2 be 
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be abforbed by the water and thrown out into the 
open air £ ? 

The Count de Saluces pretends, that air injured by 
combuftion can be meliorated by cold and by compreffion. 
But Dr. Priejlley , from experiments purpofely made, 
has refuted that pretention. Exp. and Obf. vol. I. 4S. 

24. Air is necejfary to vegetation or the life of plants. 
In vacuo, plants do not grow, and feeds buried too 
deep under ground do not vegetate. 

M. Cygna affirms that plants included in a given 
quantity of air diminifli this fluid, and foon languith 
and die ; and that if o'.her plants be afterwards introdu- 
ced into the fame receiver, they prefently die without 
occafioning a further diminution of the air. Neverthe- 
lefs, it appears from Dr. Priejlley' s experiments that 
plants can live long in confined air without fenfibly 
diminithing or rendering the air unfit for maintain- 
ing flame or animal life. A fprig of mint having been 
put into a glafs jar inverted into a veffel of water, dur- 
ing fome months, the air was found not to be vitiated. 
Exp. and Obf. vol. 1 . 5. 

Dr. Priejlley found that plants grew not only in con- 
fined air, but alfo in air vitiated by the flame of a 
candle, or by refpiration : and even that the vitiated 
air was frequently reftored, or at leaft meliorated by the 
vegetation of the included plants. He put fprigs of 
mint growing in water into different veffels filled with 
air, in fome of which candles had burnt till they fpon- 
taneoufly became extindt, and in others the contained 
air had been refpired, and he found that after the 
plants had been growing a few days, the contained air 
was fo much meliorated that candles burnt in it, and 

animals 

J Dr. Priejlley has found that pure air is confiderably depraved 
by agitation in the pure it water, Vol. II. 96. 
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animals could refpire it. ( Vol . L p . 51.) Fromthefe 
experiments he infers, that vegetation is one of the means 
employed by nature to purify air tainted with refpiration y 
putrefaction, or combufiion *. 

But plants can tolerate only a certain degree of in- 
jury to the air in which they are placed ; for Dr. 
Priejlley relates, that when growing fprigs of mint were 
put into air ftrongly and recently tainted with putre- 
fa&ion, they prefently died . Vol. I. p. 86. 

it is not however improbable that plants are capable 
of refilling a certain and even a confiderable degree of 
putrid taint infe&ing the air ; for feveral kinds of plants 
and alfo animals are known to inhabit thofe places 
chiefly where a putrid effluvium prevails, which they 
fuftain without injury, and even perhaps with advantage 

C 3 to 

* Dr. Pricftley has, lince his laft publication on air, been fo 
obliging as to acquaint me, that his late experiments confirm his 
opinion of the power of vegetation in purifying the atmofpherical 
fluid, although he acknowledges, with his ufual candour, that he 
has alfo met with many exceptions. He has not only meliorated 
phlogifticated air, by means of growing plants, but he has alfo, by 
the fame means, greatly encreafed the purity of atmofpherical air, fo 
as to make it approach to the date of the pure factitious airs deferibed 
in the following part of this chapter. Among the many difeoveries 
with which the labours of this zealous and fagacious philofopher 
are in a Angular manner crowned, one of the mod extraordinary 
is, that a green matter, which adheres to the fides of veflels 
filled with water, does, in a few hours after it is put under an in- 
verted jar full of water, exit a confiderable quantity of purr air, 
like thofe airs obtained by factitious procefTes deferibed in the fol- 
lowing part of this chapter. He has alfo found that the air con- 
tained in the bladders of feveral kinds of fea-weeds, while the 
plants are frefh, is confiderably better than atmofpherical air. In 
the RpiUblum hirfuium , or the Willow plants he has difeovered a 
lingular propei ty which it poflefTes, namely, that of abforbing con- 
fUerable quantities of air, and of other permanently elaltic fluids. 
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to their peculiar conftitutions. Farther, animals and 
vegetables, while living, feem to pofiefs fome peculiar 
property of refilling pucrefadion. For animals are 
known to live many clays without food, and without any 
appearance of putrefaction, which however begins to 
take place a few hours after death. Alfo, vegetables 
are endowed with a fimilar power ; for the water in 
which plants grow, though it contain much vegetable 
putrefeent matter, does never putrify, while the plants 
live and are in health ; but no fooner is the life or the 
health of the plant deftroyed, than the putrefadion 
begins. I his fad is popularly known to perfons who 
keep fprigs of mint, hyacinths or other flowers, grow- 
ing in glal's vcficls filled with water. 

Hence the plants which grow in ftagnant waters 
probably retard the corruption of thefe waters. See 
Exp. andOlfcrv. tel. II. p. 185-, where an inflanceis 
given of the water of a refervoir becoming putrid, 
when the refervoir was clcanfed from the vegetable 
matters which grew on its furface and its fidcs, and 
did not recover its fweetnefs till more vegetable mat- 
ter again appeared. 

Perhaps this important fad in animal and vegeta- 
ble economy may be explained, by faying, that fer- 
menting fubftances do generally aflimilate to their own 
nature, in a certain degree, many other lubftances, 
with which they happen to be mixed ; and that the 
fermentations which are continually proceeding in the 
fluids of living animals and vegetables, overcome the 
putrid or other noxious ferments, if thefe be not too 
flrong, in the fame manner as the vinous fermentation 
refills putrefadion, according to the experiments of 
Sir John Pringle and Dr. Maclride. Hence the more 
ftrongly thefe natural fermentations proceed, that is, 

the 
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the more powerful is the vis vita of animals and 
plants, the more eafily are noxious ferments over- 
come, and infedlions refilled. 

The purification or melioration of the tainted air 
included in receivers in which growing plants were 
placed, may be attributed not only to the abforption 
of the noxious vapour by the plants themfelves, but in 
fome meafure alfo, to the abforption of this effluvium 
by the water in which the receiver was inverted, and 
more confiderably by the watery vapours or perfpira- 
tion exhaled from the plant itfelf, which are known 
to be very great relatively to the fmall fpace within 
the receiver. Thefe vapours may be confidered as 
water with an exceedingly enlarged furface, and there- 
fore capable of producing its utmoft effe£t by abforp- 
tion of the diffufed noxious fub fiance. The vitiated 
particles being thus abforbed by the watery vapours 
floating in the receiver might have been precipitated 
when the vapohrs were condenfed by the evening 
colds ; and by the conftant fucceffion of evaporation 
and condenfation, which mufi have taken place in the 
receiver, the whole quantity of fuch particles may have 
been abforbed and precipitated, and the remaining 
air thereby purified. 

While therefore we accede to the inference drawn 
by Dr. Priejiley from his very curious experiments, 
that ** VECETATION is one of the means employed by 
“ nature to purify air tainted by refpiration, putrefac- 
“ tion, or by combuftion may we not afcribe a oon- 
fiderable fhare of this grand and important effect to 
evaporation, whofe operation is more extenfive, 
penetrates to greater heights, prevails on the middle of 
the ocean and in frozen regions where few vegetables 
appear j and may not plants be alfo conducive to this 

C4 ‘ 
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cffc& in a great meafure by exhaling vapours abun- 
dantly, and be, in this refpeft, confidered as inftru- 
xnents of evaporation ? 

The? vitiated panicles in the air thus abiorbed by 
the copious vapours which exhale from the furface of 
the earth and of the ocean, are raifed along with thcfe 
into the higher regions of the atmofphere, and thence 
again fall along with the condenfed vapours or rain 
upon the eanh. Thus diffufed and united with water, 
perhaps rcfolved into their component pans, they are 
not hurtful to animals and vegetables, but enter pro- 
bably along with the water into their veffels, combine 
with their fluids, and conflitute pan of their fubflance. 
From the animal and vegetable matters, thcfe parti- 
cles may be again expelled by various fermentations, 
putrefaction, andcombuftion ; and thus, like moft other 
kinds of matter, may undergo a perpetual circulation. 

25. Seyeral methods have been difcovercd by which 
«fr, or, at lead, fluids pofTefling all the known proper- 
ties of the atmofpherical fluid, may be produced kj art. 
For this important difcovery, which leads to a know- 
ledge of the conftitution of the atmofphere, we are 
indebted to Dr. Prieftley. 

He found, that after he had abforbed by long- 
continued agitation in water as much as he could of 
the feveral kinds of gas, fuch as the inflammable 
gas, and that obtained by mixture of calcareous or 
alkaline fubftances with acids, (called by him and 
other Authors fixed Air) that the reiiduums had the 
properties of air, and he thence infers that comm* 
air is thus generated *. Exp. and Obf. vol. I. p. 40. 
68. 26. By 

* This inference Teemed to me to be liable to two obje&iou. 
1. In the apparatus defcribed for procuring thefe gafci, there mod 
always have been fame final! portion of common air mixed with 

the 
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76. By expofing red lead, , or calcined mercury , to the 
focus of a burning glafs, Dr. Prieftley expelled from 
thefe fubftances a permanently elaftic fluid, which 
not only pofleffed all the known properties of atmo- 
fpherical air, but in which all thefc properties appear- 
ed in a more eminent degree than in the atmofpherical 

fluid 

the gas. [See Plate y jig. i.] 2. By a long-continued agitation of 

the gas in water expofed to the atmofphere, there would probably 
be (ome particles of external air continually abforbed by the water, 
and afterwards feparated from the water into the veflel containing 
the gas. In order to obviate thefe objections, I procured fome gas 
from chalk and oil of vitriol, by means of an apparatus previoufly 
filled with boiled water, fo that no air could be mixed with the gas 
obtained ; [fee Plate , jig. 2. and explanation ;] and I let the gas re- 
main expofed to a confiderable furface of clean boiled water till nine 
tenths were abforbed by the water, without agitation. I patted this 
refiduum four times through lime-water, till it occalioned no 
more precipitation of the lime, by which operation, it was further 
reduced to a third, that is, to a 30th of its original quantity. This 
laft refiduum I found to be air fo pure, that a candle burned in it, 
and that it diminifhed as much nitrous gas as common air does. 
This produ&ion of air from calcareous and alkaline fubftances, 
is a very remarkable phenomenon, and deferves further inveftiga- 
tion. 1 found that the refiduum of gas obtained from pot afh, and 
treated in the fame manner as I had done that from chalk, had the 
lame properties. The refiduum of a gas obtained by dialling 
cream of tartar was chiefly inflammable, but Teemed to contain 
fome portion alfo of air, for a fmall diminution was obferved upon 
mixing it with nitrous gas. 

But air cannot be thus produced from every one of thofe gales, 
Which, from the property they poflefs of precipitating the lime 
contained in lime-water, have been confulered as of the fame kind 
with the gas obtained from calcareous and alkaline fubftances, and 
have been comprehended under the general name of JixedAir. At 
leaft, I found that a gas obtained bydiftilling green vitriol, which 
extinguilhed flame, and precipitated the lime contained in lime-water, 
till it could no longer occafion any piecipitation in lime-water, left 
a refiduum which extinguilhed flame, and did npt in any degree 
diminiih nitrous gas, and was therefore fimihir in its properties to 
the fluid called pblogijlicated Air • 
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fluid itfclf. For this factitious air did not only main- 
tain the flame of kindled inflammable fubftances, but 
when a lighted candle or other ignited comburtible 
fubltance was put into a vefiel containing this air, the 
flame was remarkably brighter, the combuflion more 
rapidly excited, and a deflagration appeared fimilaf 
to that produced by thofe mixtures of nitre and in- 
flammable matters which are ufed in fire-works : Alfo, 
when animals were put into this factitious air, their 
refpiration was much longer continued •, that is, they 
could live much longer in a given quantity of it, than in 
atmofpherical air. The diminution of nitrous gas(which 
is Ihewn to be a property of air, and to be an exaCt teft 
of the purity of air, in chap.V.) was much greater; and 
the explofion of inflammable gas much louder, by 
means of the factitious air, than when equal quantities 
of atmofpherical air were mixed with thefe fluids. And 
the difference between the factitious and the atmo- 
fpherical air appeared to be fo great, that Dr. PriejlUy 
computes, that the former is capable of producing 
five or fix times the efFcCt of the latter fluid, in all 
thefe inftances. He therefore confiders this factitious 
fluid as a true and pure air, and thinks that the pu- 
rity of the atmofpherical air has been injured by the 
vapours with which it is always more or lefs mixed. 
He chiefly attributes the contamination of atmofphe- 
rical air to the phlogifton contained in the vapours 
mixed with the air, and the greater purity of the fac- 
titious fluid to the abfence of fuch phlogiftic vapours : 
accordingly, he diffinguifhes this factitious fluid and 
others of the fame nature, which will be prefently 
defcribed, by the name of depblogifticated Air. 

27. The production of pure factitious air from red 
lead is much facilitated by addition of concentrated 
vitriolic acid. 1 put 
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I put 48 pennyweights of red lead into a long- 
ttecked retort, the contents of which were ten cubic 
inches \ (fee Plate , fig. 1 . E.) and upon this red lead 
I poured twenty-four pennyweights of oil of vitriol. 
The red lead had been previoufly moiftened with a 
little water, that the acid might more uniformly dif- 
-fcife itfelf through the red lead. The nofe of the 
■retort was then immerfed under water, and over it an 
inverted jar filled with water was placed. The mix- 
ture of red lead and vitriolic acid became very hot, 
and ten cubic inches of air were foon thrown into the 
jar, without the application of external heat. Upon 
applying the flame of a lamp to the bottom of the 
retort, more air palled copioufly into the jars. The 
quantity of air expelled from the above mixture of 
Vitriolic acid and red lead, was found to be 56 cubic 
inches, after the proper allowances for the air contain- 
ed in the retort had been made. If we fuppofe this 
air to be of the fame denfity as atmofpherical air, we 
ihall find that the weight of the air obtained is about 
one hundredth part of the weight of the red lead 
employed *. 

28. A. 

* In the firft Edition of this Treatife, I faid that a greater quan- 
tity of pure air might be obtained by adding vitriolic acid to red 
lead, than from an equal quantity of red lead alone, merely by vio- 
lent heat. But Dr. Prirftly has fince been fo obliging as to ac- 
quaint me, that he can produce as much air without addition of 
Vitriolic acid as with it : which (hews that the acid does not con- 
tribute to the formation of the air, as it feem* td do in the inflancea 
of turbith mineral and other vitriolic falts, mentioned hereafter in 
5.31. Neverthelefs, the two procedes of obtaining air from red 
lead with or without vitriolic acid, are very different, and arc fimi- 
lar to the expulfion of calcareous gas, from calcareous fubffances by 
heat or by acids. For the expuliion of air from red lead is lb 
much facilitated by addition of vitriolic acid, that much of the air 
efcapes before any other heat is applied, than what arifes from the 

mixture 
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28. A pure factitious air, pofieflcd of all the known 
properties ot atmofpherical air, in a more eminent 
degree than the atmofpherical fluid itfelf pofleffes 
tlicfe properties, and fimilar in all its effects to the 
factitious air above delcribed, (\. 26.) may be copi- 
oufly obtained bv means of heat from nitrous acid 
mixed with almott any unphlogifticated earthy fub- 
itancc, as minium, flowers of zinc , chalk, day , gypfum , 
mag- 

mixture of thefe tu-o fubftances, and the operation may be eafily 
completed by the heat which glafs vellels can fuftain. The air 
thus produced (as in every other in fiance of the production of pure 
air) is always mixed with a very fmall portion of calcareous gas, and 
which may be feparated by making the air pafs through lime-water, 
or, more effeCfually, through water in which fome pieces of quick- 
lime are put ; for as foon as the gas uniting with the lime diflblved 
in the water precipitates this portion of lime, the water becomes 
capable of dilTolving a frefh portion of the lime ; and thus the 
water is always kept faturated with the lime, notwithftanding the 
precipitation produced in it. If pure faCiitious air (hould be here* 
after applied to medicinal purpofes, this method of obtaining it 
feems preferable to thofe hereafter mentioned by means of the 
nitrous acid ; in w hich methods, not only a larger portion of cal- 
careous gas is generally mixed with the pure air, but alfo confider- 
able quantities of another noxious gas, namely, that which is de- 
feribed in chap. V. under the name of nitrous , are often produced, 
and which injure the purity of the factitious air. This method 
of obtaining pure air feems alfo to be preferable to thofe in which 
the air is expelled from red lead and other fubftances merely by 
heat, becaufe thefe fubftances mull be put into a gun-barrel, ot 
other metallic veftel ; and it U known that metals expofed to heat 
phlogifticate air, and fometimes emit a noxious inflammable gas. 
And when we confider that this pure factitious air, by whatever 
means it is obtained, is capable of producing five or fix times the 
effect of atmofpherical air in every inftance in which air is known to 
exert its peculiar properties, it cannot be doubted, that the breath- 
ing of this air, during fome longer or fhorter time, mu ft produce 
fcnfible effeCts in the animal economy. The investigation of thefe 
cffeCts feems to be worthy of the attention of phyficians. 
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magnejia alba, wood ajhes, flints, and Mufcovy talc , as 
Dr. Prieftley has very happily difcovered. Vo 1. 11. p. 6g, 
&c. He moiftened any of the above-mentioned earthy 
jubilances with fpirit of nitre, and put the fubftance 
thus moiftened into a gun-barrel, or into a phial, inT 
to the neck of which was ground a bent glafs tube* 
See Plate, fig. 1 . C D B. He immerfed the nofe of 
the gun-barrel or of the glafs tube into water, and 
placed over it an inverted jar filled with' water. Upon 
applying heat to the, part of the gun-barrel which 
contained the mixture, or to the bottom of the phial, 
an elaftic fluid was expelled from the mixture and 
it palled into the inverted jar. By changing the jar 
frequently, he was able to examine the fluid expelled 
at different periods of the procefs. Thus he obtained 
from mixtures of each of the above-mentioned earthy 
fubftances with nitrous acid, confidcrable quantities 
of air, fome part of which he found to be very pure, 
and other parts to be mixed with calcareous and with 
nitrous gas, deferibed in ebap. 111. and V. In the 
further profecution of his experiments he obtained 
this pure air, not only by moiftening minium and 
flowers of zinc with nitrous acid, but alfo by treating 
all other metallic earths in the fame manner ; and he 
obferved, that while thefe metallic and earthy mat- 
ters contained any phlogifton, the gas obtained was 
chiefly nitrous; but that by continuing or repeating 
the procefs with more fpirit of nitre, after the phlo- 
giftic matter had been expelled, pure air was copi- 
oufly produced. The metals themfelves, treated with 
nitrous acid, yielded, during their folution, nitrous 
gas, and afterwards pure air. When chalk, magne- 
fia alba, wood afhes, or any of thofe fubftances are 
ufed, which ccntain calcareous gas, this gas mud be 

previ- 
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previoufly expelled by the acid. And when any earth 
has been dephlogifticated and deprived of its gas, it 
may be ufed repeatedly, as long as it lafts, for the 
production of this air, by moiftening it again and 
again with nitrous acid. 

The dcnfity of this pure air was found by Dr. Prieftley 
to be to that of atmofpherical air, as 187 to 165. 
Vol. 77 . pi. 

29. Pure air may be obtained from nitre alone by 
expofing it to violent heat in a gun-barrel. Exper. 

and O't'fcr. Vo!. I. 155. 

30. A confiderablc quantity of pure air is extricated 
in the procefs for di (tilling acid of nitre from a mixture 
of nitre and vitriolic acid, or from a mixture of nitre 
and calcined martial vitriol. Thefe operations muft 
be performed in glafs veflels, for if iron veflels arc 
ufed, as is done bv the diftillcrs of aqua-fortis, nitrous 
gas is chiefly produced. From an ounce of pure nitre 
mixed with half an ounce of pure concentrated vitri- 
olic acid, expolcd to heat in glafs veffcls, I obtained, 
befides the ul'ual quantity of nitrous acid, thirty 
ounce meafurcs of pure air, after making proper al- 
lowances for the air previoufly contained in the ap- 
paratus. It did not appear that this air was mixed 
with either nitrous or calcareous gas. 

From one ounce of nitre mixed with one ounce of 
calcined martial vitriol, I obtained 21 qunce meafures 
of pure air, befides die ufual quantity of nitrous acid. 

Hut in the proccfs for obtaining by diftillation ni- 
trous ovid, with nrlcnic, according to Stahl's method, 
t he whole quantity of the claftic fluid produced was 
nitrons gas. From one ounce of nitre mixed with 15 
pennyweights ol arfenic, I obtained, befides the nitrous 
acid, iixty ounce meafures of nitrous gas. 

31# Pure 
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g; . Pure factitious air is obtained not only from 
the nitrous acid mixed with earthy and metallic fub-' 
fiances, but alfo from compounds containing the 
vitriolic acid. Dr. Prieftley obtained air from alum . 
expofed to heat in .a gun-barrel. (Set Vol. I. p. 155. 
And Signor Landriani has lately difcovered that pure 
factitious air may be obtained by applying heat to 
turbith mineral* as Dr. Prieftley has acquainted me. 
This experiment Dr. Prieftley has not only verified, 
but he has alfo found that pure air may be obtained 
from other combinations of vitriolic acid with me- 
tallic fub fiances, as from vitriols of iron, copper , and 
zinc. 

32. Several mineral fubftances contain pure air, as' 
Dr. Prieftley has lately difcovered. Among thefe 
fub fiances are Lapis calaminaris, Manganefe , and 
Wolfram. The relation of thefe difcoveries cannot 
fail of making an interefiing part in his fourth 

volume of experiments and obfervations. That a fmall 

quantity of air may be obtained from fedative fait, 
he has mentioned in Vol. II. p. 36 . 

V 1 1 ' — 1 " ■ ■ 1. . 1 - ■ I * ■ » 

CHAP. III. 

Of calcareous Gas. 

33. T 7 1 ROM various fubftances hereafter mention- 
JL 1 ed a permanently elaftic fluid may be ob- 
tained, whole diftinguifhing property is, that it is ca- 
pable of uniting with the cauftic calcareous earth or 
quicklime diffolved in water, and of precipitating 
this earth from the water. Accordingly when a luf- 
• ficient quantity of it comes in contadl with lime- 
water, the water is rendered of an opake white colour, 
and the fmall particles of earth which produce this 

turbid 


Digitized by Google 




32 Calcareous Gas. 

turbid appearance, gradually fink to the bottom of 
the veflel, leaving the water clear, and free from 
the earth which had been diffolved in it ; while the 
earth thus feparatcd from the water which had dif- 
folved it, is found to have recovered its folid form, 
and remains united and combined with the gas. 
Whatever gas therefore is obferved to have this pro- 
perty of combining with the calcareous earth diffolved 
in water, may be diftinguifhed from other claftic fluids 
by the name of calcareous Gas. Dr. Halts and his 
fuccefiors have denominated this fluid, fixed Air ; the 
impropriety of which term appears from confidering, 
firft, that this fluid is fixed only when it is combined 
with the calcareous earth or other fubftance ; and that 
it is the rcverfe of being fixed, that is to fay, it is 
permanently elaftic, whenever it is difengaged ; and fe- 
condly, that it does not poffefs the diftinguifhing pro- 
perties of the fluid to which the word air has been 
immemorially affigned. Mr. Bergman of Upfal has 
given to this fluid the appellation of Aerial add, 
which fcems to imply that it is the acid con- 
ftituent part of air, which do&rine has not been 
proved. It is called the Mephitic acid, by Mr. 
Bewley ; and the Mephytic gas by Mr. Macquer , who 
at the fame time acknowledges that this name is not 
fufficiently chara&eriftic. Neither of thefe appellations 
diflinguiih it from other gafes, all which (excepting air) 
are mephytic or noxious to breathing animals, and fe- 
veral of which are equally or better entitled to the 
epithet acid, as vitriolic acid gas, marine acid gas, &c. 

34. Calcareous gas may be obtained from a great 
variety of fubftanccs and by different procefles. 

It may be extricated by beat, or by acids from all 
thofe earths that are called calcareous , that is, all 

thofe 
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thofe which by calcination may be converted into 
quicklime j iuch as chalk, marble, lime-ftone, and ma- 
rine jhelh ; likewife from fixed and volatile alkalies ; and 
fforh magnefia alba. Thtis, if any of thefe fubftances 
be expofcd to violent heat in a diftilling apparatus of 
earthen or iron veffels, the gas that is extricated may 
be collected \ or if acids be added, to any of them, an 
effervefcence immediately arifes, which effervefcence 
proceeds from a number of fmall bubbles of this gas 
that are expelled from thefe fubftances during their 
folution by the acids. If this effervefcence be made 
in the apparatus reprefented in Fig. 1. C or E, the 
gas will pafs into and be collected in the jars B or F. 

The quantity of gas obtained from the above fub- 
fiances was found to be as follow : 

108 grains of crabi eyes diffolved in one ounce and 
a half of diftilled vinegar produced in vacuo 8 1 cu- 
bic inches of gas. Boerbaave. 

One dram of chalk difi’olvcd in two ounces of di- 
ftilled vinegar produced 151 inches of gas in vacuo. 
Boerbaave. 

Two drams of crabs eyes with one ounce of vinegar 
produced 1 2 cubic inches of gas. Eller , Berlin Mem-. 

Two drams of crabs eyes with one ounce of fpirit 
of fait produced 75 cubic inches of gas. Eller. 

Two drams of red coral with one ounce of fpirit of 
fait produced 52 cubic inches of gas. Eller . 

Magnefia contains half its weight of gas. Black, 
Edinburgh EJ/ays. 

Marble contains parts of its weight of gas. Ca- 
verdi/h, Phil. Tran/. 1776. 

Ume fione contains ** of its weight of gas, and 
of water. $ acquin , Examen Dcfirin a Meyerian. e. 

D Cremor 
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Cremor calcis contains ^ of its weight of gas. J ac* 
quin, ibid. J 

Chalk dried with the heat of boiling mercury con- 
tains of its weight of gas. Lavoifer, Opufc. Phjf. 

tom . 1 . 

One dram of fait of tartar with half an ounce of 
fpirit of nitre yielded 48 cubic inches of gas. Eller. 

Cryftals of fait of tartar yielded of their weight 

of gas. Cavendifh. 

Cryftals of foda yielded ^ of their weight of gas. 

Lavoifier. 

Volatile 

J The cremor calcis , or cream of lime , is the cruft formed on the 
farface of lime-water expofed to the atmofphere, which cruft falls 
to the bottom of the veflel, and a new cruft is daily formed, till 1 
the whole of the quicklime diflolved in the water is precipitated. 
This cruft is formed by the particles of calcareous gas which 
float in the atmofphere, uniting with the particles of quicklime 
at the furface of the lime-water. The earth thus combined with 
gas is reftored to the fame ftate in which it was before calcination, 
rhat is, of mild calcareous earth, which not being fo foluble in 
water as quicklime is, cryftallizes on the furface of the water; 
and this cryftallized calcareous earth, or cream of lime, being 
heavier than the water, falls to the bottom ; while new particles 
of the quicklime diflolved in the water, come into contact with 
the particles of gas floating in the atmofphere ; and the procefs is 
repeated, till no more lime remains uncombined with gas in the 
water. But if the lime-water be expofed to evaporation, not 
only this mild calcareous cruft will be formed in the manner above- 
mentioned, but alfo fome of the quicklime, being deprived, by 
evaporation, of the water neceflary to keep it diflolved, will be 
precipitated, and will mix with the cream of lime. Accordingly, 
M. Br.cquct obferved, that the powder precipitated from lirac- 
tvater poflefled the properties of quicklime. For when he diftilled 
a mixture cf this powder and fal ammoniac, he obtained cattjhc 
volatile alkali ; whereas, if the powder had confided entirely of the 
proper cream of lime, fuch as Mr. Jacquin had fubje&ed to expe- 
riment, according to the above text, he would have obtained a 
mild volatile alkali. 
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Volatile fal ammoniac yielded ^ii. of its weight of 
gas. Cavendijb. 

Volatile fal ammoniac yielded ~ of its weight of 
gas. Lavoifier. 

35. This gas efcapes abundantly from the juices of 
fruits, infufion of grains, and of other vegetable mat- 
ters, while they undergo the vinous fermentation. 

The quantity of gas expelled from fermenting fub- 
flances was firft attempted to be afcertained by Dr. 
Hales. From 42 cubic inches of beer, 639 cubic 
inches of gas efcaped in feven days ; and from 26 cu- 
bic inches of bruifed apples, 968 cubic inches of gas 
were produced in 13 days. ( Hales's Analyfis.') Mr. 
Cavendijb found, that — parts of dry fugar were con- 
verted into gas by the vinous fermentation ; and that 
the quantity produced from the fermenting juice of 
apples was equal to parts of the dried juice. 

Dr. Prieftley tried how much gas could be extracted 
from different kinds of wines. From one ounce and 
a half of each of the undermentioned wines, he ob- 
tained the following quantities of gas. 

Madeira - - - - 7- of an ounce meafure.' 


Port, fix years old - p 

ditto. 

Hock, five years old - ^ 

ditto; 

Barrelled claret — 

I 2 

ditto. 

Tokay, 16 years old - d- 

ditto. 

Champagne, two years pld, 2 

ditto. 

Bottled Cyder, 12 years old, 33- 

ditto. 

Experiments and Obfervationt , 

II. 227. 


Much el a 'lie fluid efcapes from liquors undergoing 
the acetous fermentatiou. but whether this gas has 
D- 2 the 
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the properties of calcareous gas, cannot be faid with 

certainty, as they have not been hitherto examined. 

36. Calcareous gas is expelled from animal and ve- 
getable fubjlances undergoing the putrefaElive fermen- 
tation. (See Chapter XI.) 

37. This gas may be extracted from animal and 
vegetable matters by means of heat. (See Chap. XII.) 

38. This gas is found in mines , and other Jubter- 
raneous places, (fee Chap. XIII.) and in many 
waters , efpecially thofe called mineral. (See Chap. 
XIV.) 

39. This gas may be expelled from feveral mineral 
fubjlances by heat. Thus, M. Krenger obtained, by 
diftilling a greenifb fuftble fpar, that was luminous in 
the dark, a gas which united with and cryflallized 
a folution of fixed alkali, which effects are produced 
by calcareous gas, as will be fhewn. Alfo, Mr. 
IVoulfe expelled the lame gas by adding vitriolic acid 
t ofpathofe white ore of iron, to Somerfetfbire manganefe, 
and to Somerfetfbire white-lead ore. (Philofoph. 
Tranfadt. vol. LXVI.) 

40. Dr. Prieftley has obtained this gas from feveral 
faline fubllances by means of heat, as from green, 
blue and white vitriols, calcined alum, vitriolated tartar, 
borax, and white lead. (Exper. and Obfcrv. II. 112, 
& c.) 

41. This gas is produced in the revival of metallic 
calxes by addition of inflammable matter , or by the 
eleffric fpark. (Exper. and Obferv. vol. II. 192.) 
From 144 grains of minium reduced by means of 
twelve grains of charcoal previouQy well burnt in a 
clofe veil'd, M. Lavcifer obtained, by expofing the 
mixture to the focus of a lens, fourteen cubic inches 
of ms. (Opufc. Fhyf. I. 258.) 

42. This 
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42. This gas is produced during the umbuftion of 
•every inflammable fubftance, excepting fulpbur and 
metals. See § . 1 1 . 

43. This gas is produced by making eleClric j parks 
pafs through air. For if this experiment be made in 
a glafs tube, the mouth of which is inverted and. im- 
merfed in lime-water, this liquor will be thereby 
rendered turbid, Exper. and Obferv. vol.I. 186. See 
alfo §. 17. n. 

44. Small portions of this gas are produced in the 
feveral proceffes for obtaining factitious air. See §. 26, 
27, 28. 

45. This gas is produced abundantly from nitre 
deflagrated with any animal or vegetable inflamma- 
ble matter. From one pennyweight of nitre and a 
pennyweight of powdered charcoal, mixed well with 
two ounces of clean fand, to prevent the too hafty 
deflagration, and expofed to heat in the retort, (Fig. 1. 
E.) I obtained 1 6 ounce meafures of calcareous gas. 

46. The fpecific gravity of this gas was found by 
the Hon. Mr. Cavendijh, to be to that of water as 1 to 
51 1 •, or to that of air when this is 800 times lighter 
than water, as 157 to 100. According to Mr. La- 
voifier , the fpecific gravity of this gas is to that of 
air as 561 to 455. 

47. The properties of calcareous earths and of alkalies 
are very much altered by combination with this gas. 
For when U mejlone or other calcareous earths are, by 
calcination or other wife, deprived of the gas ufually 
combined with them in their natural ftatc, they are 
thereby converted into quicklime. Alfo when alkalies 
fixed or volatile are deprived of their gas, by any means, 
they are thereby rendered more cauflic, incapable of 
cjfervefeing with acids and of cryftallization, and 

D 3 more 
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more powerfully folvent, as Dr. Black has proved by 

accurate and adequate experiments. Edinb. Efforts. 

The fame excellent chemift has alfo (hewn, that bf 
recombining this gas with quicklime, magnefia, or 
alkalies, which had been previoufly deprived of it, 
their former weight and properties might be reflored. 
From the greater acrimony communicated to quick- 
lime and to alkalies, by depriving, them of their con- 
tained gas, he has diftinguifhed them when thus de- 
prived, or uncombined with gas, by the epithet eaufiicy 
as cauftic calcareous earthy or caujtk fixed alkali y of 
cauftic volatile alkali •, and when thefe earths or alka- 
lies are combined with gas, he calls them weld. 

Dr. Black contrived an apparatus, by which the gas 
extricated from an effervefeing mixture could be con- 
veyed into a cauftic alkaline liquor, and (hewed that 
by this method, the cauftic alkali could be rendered 
mild, and could recover its effervefeing and cryftaMir- 
ing properties. His apparatus confided of two phials 
communicating by means of a bent tube, one end of 
which is inferted into the mouth of one phial, and 
the other end into the mouth of the other phial. In 
one vn the phials he put fome cauftic fpirit of fal am- 
moniac, and into the other phial he put fotne mild 
alkali or mild calcareous earth. Upon this mild alkali 
or earth he poured through a hole, purpofcly made in 
the ftde of the phial, fome acid liquor, which imme- 
diately produced an efiervefcence as ufual, that is, it 
extricated from the alkali or earth their contained gas. 
The gas being thus difengaged palled through the 
bent tube into the phial containing the fpirit of fa) 
ammoniac, with which it combined, and which it 
changed from a cauftic to a mild (late. For the fpirit 
is by this proccfs rendered capable of effervefeing w ith 

acids. 
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•cids, and if it be much concentrated, it will be feen 
to cryflallize during its impregnation with gas. 

Dr. Macbride employed a fimilar apparatus to im* 
pregnate lime-water with gas, by which means he 
changed the cauftic earth or quicklime which was 
diffolved in the water to a mild calcareous earth, 
■Which not being foluble in water as quicklime is, was 
therefore precipitated. See Macjrride on the dijfolvent 
fewer of Quicklime. 

48. Dr. Black has further determined by experi- 
ments the relative powers of the feveral alkaline fub- 
ftances to unite with this elaftiq fluid, or the affinities 
of this fluid towards thefe fubftances. He found that 
this gas was more difpofed to unite with cauftic calca- 
reous earth or quicklime than with any other fubftance j 
next with fixed alkali ; then with magnejia, and laftly 
with volatile alkali. 

Confequently mild volatile alkali may be deprived 
of its gas, or rendered cauftic, by applying to it mag- 
nefia previously deprived of its gas, or cauftic fixed 
alkali, or quicklime ; and at the fame time the mag- 
nefia, fixed alkali, or quicklime, are thereby rendered 
mild. Magnefia alfo may he deprived of its gas by 
means of cauftic fixed alkali, pr of quicklime •, and 
laftly, mild fixed alkali may be rendered cauftic by 
means of quicklime, which is at the fame time rendered 
mild. Hence foap-boilers, in order to increafe the 
activity or djfTolving power of their alkali, boil it in 
water with quicklime. 

According then to this do&rine, the caufticity and 
other peculiar properties of quicklime and cauftic alkalies , 
are the original properties of thefe fubftances,while they 
are pure and uncombined ; and are not communicated 
(Q them by any fuppofed abforptioq of matter from 
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the fire in calcination, as Meyer and other cherniils 

maintain *. 

49. This gas is capable of adhering to, or combin- 
ing with, metallic precipitates. Thus when a mild al- 
kali or calcareous earth is added to a folution of a 
metal in an acid, the alkali or earth unites with the 
acid, the metal is precipitated, and the gas of the alkali 
or earth, which would haveoccafioned an effervefccncc 
if the acid had not been united with a metal, does not 
in this cafe produce any efiervefcence, but unites with, 
and increafes the weight of, the metallic precipitate. 
Dr. Black , who firft obferved the union of this fluid 
with metallic precipitates, attributes the fulminating 
property of aurum fulminant to the gas which adheres to 
the gold precipitated bv a mild alkali. The adhefion 
of gas to metallic precipitates, is confirmed by M. 
Lavoifer. The 

* This theory, which has been ably inveftigated, has thrown 
much light on many chemical phenomena. But although it is 
well fupported by the decilive experiments re’ated by Dr , Blaci, 
(Edinburgh EJJliys,) it has nevertheless mer with much oppofitioa 
from fome German and Fiench chemills, who adopt the theory cr 
JM.JJnrrj concerning the principle which he called Axidum phigue % 
of which au account is given in the Dictionary of Chemiltry. See 
Acidum pingue. On the orher fide. Dr. Black's do&rine has 
been ably fupported and confirmed by M. Jacquin y io a treatife 
called Ex amen chcmicum DofhincZ Meyer: ante de Acido pingut :t 
JUaelia/hC dc at re fi.xo. And this ticatife lias been attacked by 
M. CrantZy in his RcEiif.cath Exam inis chcmici Doth A/iyrn* 

fiHiC) &C. 

As not only the rcafonings but alfo the fa< 5 t$ related by tbefe 
authors were contrad- -* >ry, M. Lamoifier y of the Academy of 
Sciences at Paris, undent k a feries of Experiments, with a vic-v 
of afeertaining the fever;-! queftinns in difpute; an account ot 
wh.ich he has pub lifted under the title of Opufcules piyjiqua 
djmiqucsy mol. I. Thtie c x periments, which feem to have been 
made with accuracy and ability, can leave no doubt of the validity 
of Dr. Black' 3 experiments and deductions. 
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The precipitation of fome metallic folutions feem$ 
therefore to be eft'e&ed by what chemifts call a double 
affinity ; that is, the gas of the alkali unites with the 
precipitated metal, while the acid unites with the al- 
kali. Accordingly, the precipitation of fome of thefe 
metals requires that thp precipitating alkali be mild, 
that is united with gas. Thus, filver diffolved in 
nitrous acid cannot be precipitated by a cauftic vo- 
latile alkali, although it may very perfectly by a mild 
yolatile alkali. 

This gas not only affifts the precipitation of metals 
from their acid menftruums, when it is combined 
with alkalies, but even fometimes drafts this 
precipitation, without the aid of an alkali. At 
lead, there is one inftance of fuch precipitation, 
whefi this gas is added to a folution of fugar 
of lead, as Mr. Hey of Leeds has obferved. See 
Appendix to Dr. Prief ley's JirJl volume of Obfervalionj. 
and Experiments. 

50. This gas is capable of being alforbed by water , 
and the water thus impregnated precipitates the lime 
from lime-water, as Dr. Macbride has fhewn. 

The quantity of gas which water at the temperature 
pf 55° of Fahrenheit's fcale can abforb, was found by 
Mr. Cavendijh to be more than equal to the bulk of 
the liquid, and to begreateft when the water was cold, 
and compreffed by an heavy atmofphere. 

The water thus impregnated acquires a fubacid tafle , 
like that of the mineral waters called acidulous, and it 
alfo acquires a greater denfity ; the fpecific gravity of 
difcilled water impregnated with gas being to that of 
diftilled water not impregnated, as 1 000322 to 1 ooocoo, 
according to an experiment made by M. Lavoif;er t 
Opufc. Pbyf. & Cbym. tom. I. p._ 210. 

Gas 


Digitized by t^ooQle 



4* Calcareous Gas. 

Gas abforbcd by water may be thence expelled, by 
removing the preflure of the atmofphere from its fur- 
face by means of an air-pump; or by boiling the 
water, or by freezing the water. The greateft part of 
the gas efcapes merely by expolure to the open air, 
dpecially in warm weather. 

51. This gas is alfo capable of being abforbed by 
ether liquors, as by exprejfed oils and by fpirit of wine, 
which laft liquor is found to be capable of abl'orbing 
2:; times its bulk of gas, when expofed to 46° of heat, 
according to Fahrenheit' s fcale, Mr. Cavcndrjb, PUL 
’Iran/. 1766 , 

52. 1 his gas exthtguifhes flame ; and even a mixture 
cf nine parts of air with one part of this gas does 
nor admit a candle to burn, as Mr .Cavendifh has ob- 
served, Pbil.Tranf. 1766. 

53. This gas when refpired is fatal to animals. Dr, 
i'rtcfiley however remarks, that infeits and animals 
which breathe very little arc (filled in this fluid, but 
arc not foon killed ; that butterflies and other flies 
generally become torpid and lcemingly dead after be- 
ing held a few minutes over a fermenting liquor; but 
revive on being brought into frelh air. Exper. and 
Gl’/erv. vol. I. p. 36. Fifbes were killed by being put 
into water impregnated with this gas. Id. vel. II. 

132. '1 his gas is alfo fatal to vegetable life. Dr, 

Priejllev oblerved that lprigs of mint growing in water 
were frequently killed in a day, or lei's, by being 
placed over a fermenting liquor.' Yol. 1 . p. 36. 

54. This gas refills putrefaRien, as Dr. Macbride has 
proved from experiments, lie {hews, that by apply- 
ing this gas to putrefying fubtfances, their putrefac- 
tion is impeded ; and he even pretends that they are 
hereby rellored from a putrefeent to 9 (bund ifate. 

He 
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He fupports the opinion of Dr. Hales , that gas is the 
cementing principle of the particles of the folids and 
fluids in which it is contained, and that therefore when 
this is expelled, by fermentation, putrefaction, or 
otherwife, the cohefign of thefe particles muft be 
dillolved ; and when it is reftored, they may thereby 
recover their original conftitution. But why is this 
gas conftderedas the cement or connective inftrument 
more than any of the other principles which enter 
into the compofition of thefe bodies ? For by depriv- 
ing a body of any of its conftituent parts, the cohefion 
of the whole muft be diflolved, whether the principlo 
thus taken away be gas, or earth, or acid, or alkali. 

55. This gas when united with water is capable of 
ailing upon and dijfolving calcareous earth, magnefia , iron x 
and perhaps fome other metals. Mr. Cavendjh firft. 
obfcrvcd its property of diflolving calcareous earths, 
and that although it at firft precipitates the earth from 
lime-water, yet it afterwards re-diffolves this earth. 
He has alfo Ibewo that the calcareous earth contained 
in Ratbbone-place waters is kept diflolved by no other 
menftruum than this gas *. The fame fluid is pro- 
bably the folvcnt of the calcareous earth contained 
in all thofe waters which depoGte their earthy fedi- 
ment upon expofure to air, 

Mr. Lane difeovered that diftilled water impreg- 
nated with the gas of fermenting or effervefeing lub- 
ftances was capable of diflolving iron, and that the 
water thus impregnated with the gas and iron had a 
vinous fmell and tafte, like thofe of fome chalybeate 
waters, in many of which he thinks the iron is diflolv- 
cd merely by means of gas. Hence a mild and plea- 
fant chalybeate water may be made, by putting filings 
of iron in water impregnated with the gas obtained 
* Phil. Traof. 1766, 1767. from 
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from fermenting and eflervefcing fubftances. Not 
only iron in its metallic ftate, but alfo fome of the 
falciform ores of iron may be difiolved in water impreg- 
nated with gas, as Mr. Rouellt found by experiment. 
Lavoifier , Opufcuks, I. p. 156.* 

This gas occafions a precipitation in a folution of 
fagar of lead, as Mr. Hey of Leeds obferves. {Appendix 
to Dr. Prieftley’s firfi volume.) This precipitate may 
be rediflolved by adding nitrous acid. 

56. The gas obtained from calcareous and alkaline 
fubftances, feems to fufFer a dccompofition when ex- 
pofed to water. For, Mr. Cavendifb obferved, that 
fome parts of it were much more ealily abforbed than 
the reft; and that the refiduum, which was about 
one fiftieth or one thirtieth part of the whole quan- 
tity, could not be more readily abforbed by water 
than air can. And Dr. Prieftley found that the 
refiduum which could not be abforbed by water had 
fome of the properties of air, namely, that it effer- 
vefeed with nitrous gas, (which is a teft of air, as fhall 
be hereafter fbewn) and that it was not noxious to a 
moufe, although it was not fo pure that a candlq 
could burn in it. See §. 25, and a note fubjoined. 

57. Several circumftances concerning this gas lead 

to an opinion that it is of an acid nature , or that ait 
acid enters into and predominates in its compofition. 
l ike other acids, it unites with alkalies, diminiihes 
their caufticity, and effefls their cryftallization . It 
difiblves calcareous earth and metallic fubftances, as 
iron and zinc. It has alfo been obferved by Dr. 
Bergman, to alter the blue colour of the juice of tour- 
ncfol to red. And laftly, it communicates an acidu- 
lous tafte to water £. Calcareous 

j M. Mdowsr is inclined to believe that feveral qf the fingqlar 
edicts , commonly attributed to air, efpecially thofe on the colours 

of 
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Calcareous gas has been difcovered to poflefs con- 
fiderable medicinal powers. Concerning its effects in the 
Jcur*vy, and other putrid difeafes, the pbthifis puhmnalis, 
ulcers , cancers , and the J, tone in the bladder , fee (evc- 
ral valuable papers in the appendix to Dr. Prieftley's 
Experiments and Ob/ervations ; the writings of Dr. Mac- 
bride, Dr. Percival, and other late medical authors. 

57*. Among the many extraordinary diicoverie* 
that have been lately made concerning the permanent- 
ly elaftic fluids, is that of Mr. diehard of Bale , who 
is (aid to have made true cry/ta/s, as haru and of tire 
fame fhape as the Aative rock-cryftals, by applying 
calcareous gas in a certain manner, and by a very 
flow operation, to fome earthy matter. 


CHAP. IV. 

On inflammable Ga/es. 

5S. POME gafes are found to be capable of be- 
ing inflamed. Thefe are procured from very 
different matters, and by very different methods. 

59. An inflammable gas is frequently found in 
mines , efpecially coal-mines , which fometimes takes 
fire, and explodes with great danger to the miuers. 
See Chap. XIII. 

60. Dr. Hales obtained an inflammable gas by di- 

ftilling 

o bodies, are caufed by the calcareous gas, fome portion of w hich, 
greater or fmaller, is always mixed with the ntmofphcre. Such 
are, the blacknefs which black d)es acquire by expofure to air, 
the change of the green colour of a vat of indigo to a blue, the 
rednefs given to the liquor of the mure x, the violet colour reiiorcd 
to the tin&ure of orJeiile y the weakening of many colours, bleach- 
ing, and other effcifb of expofing coloured bodies to the aun.>- 
fphere. He thinks that light alfo may contribute to produce theie 
lingular etfefts. Blit he obferves, that this lubjeft is little under- 
Hood, and he propofes to in veil! gate it by further expcri.nenti. 
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Hilling zvax, pitch , oyfterfhells , ameer, and <W.r, 

C/vz/). A 77 . Probably it mighr be obtained by ap- 
plying heat fuddenly to any dry inflammable matter, with- 
out excepting even the inflammable or calcined metals. 
Dr. Prieftiey procured inflammable gales from clean 
filings of iron, zinc , brafs, and tin, by expofing thefe fe- 
parately to the focus of a burning lens in vacuo-, and 
likewife from iron filings and chalk. VoL 11. p. 107, 
&c. But he could not procure any inflammable gas 
from bifmtitb, regulus of antimony , nickel , lead, or cop- 
per ; nor from metallic calxes. 

61. An inflammable gas may be produced by dif- 
fol ving iron , zinc or tin in the diluted vitriolic, or marine 
acids . 

According to experiments made by Mr. Cavendijb , 
one ounce of zinc diflolving in either of the above 
acids produced a quantity of inflammable gas equal 
in bulk to 356 ounces of water; one ounce of iron 
diflolving in lpirit of vitriol produced a quantity of 
gas equal in bulk to 412 ounces of water ; and an 
ounce of tin produced as much gas as occupied the 
fpacc of 202 ounces of water. Dr. Prieftiey has pro- 
duced an inflammable gas by diflolving zinc and iron 
in radical vinegar ; and by diflolving copper, lead, 
and regulus of antimony in fpirit of lalt. VoL 111 . 
p. 255, 256. The water over which this gas is 
contained becomes covered with a thin film, which is 
red, like ochre, if the gas has been procured from 
iron, and is white, if fiom zinc. Vo!. 1 . 58. 

62. Marine acid gas, (ddcribed in chap. VII.) or, 
the vapour of concentrated marine acid, may be chan- 
ged into an inflammable gas by atting upon inflammable 
fubftanccs, as Jpirit of wine, oil cf dives, oil of turpen- 
tine y charcoal , phosphorus, Julphur ; and alfo upon dry 

cork , 
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ark, oak , ivory, beef , and even flint. (Exp. and Ob [en- 
voi. I. 149 and 232.) This marine acid gas being 
expofed to quicklime till ^ were abforbed, the remain- 
der was obferved to be inflammable. Id. vol. L 
f. 236. 

63. An inflammable gas efcapes from putrefying 
animal or vegetable matters. The waters of fome river * 
into which much fermentable matter is walhed, as of 
the 'Thames and the Aluta, after having been confined 
during a certain time in calks, emit an inflammable gas. 
The furfaces of rivers are fometimes covered with an 
inflammable gas or vapour. Ext. and Obferv. vol. I- 
Appendix. Inflammable vapours rife frequently from 
churchyards, houfes of office, or from whatever places 
in which putrefeent animal matters are colle&cd. 

Of the quantity of this gas which may be obtain- 
ed from given quantities of putrefying matter, fee 
Chap. XI. 

64 An inflammable gas exhales from liver of ful- 
pbur , upon adding an acid, as Meyer and Roadie have 
obferved. (Lavoifler,Opufc. Phyf tom. I. 1 6 s.) Tire gas 
which is difeharged from mixtures of fulphur with 
filings of iron, or zinc, is all'o found to be inflam- 
mable. See Exp. and Obferv. vol. III. p. 259. 

65. Cygna obferves, that air faturated with volatile 
alkali is inflammable : and Dr. Prieflley found, that 
alkaline gas was alfo inflammable. 

66. Dr. Priefl'ey obferved, that the electric [park ta- 
ken in oil, ether, fpirit of wine, or fpirit of fal ammo 
niac, produced an inflammable gas. Exp. and Os- 
ferv. vol. 1. 242. 245. 

67. M. de Lajfotie has obtained inflammable gafes by 
diflolving zinc and iron in alka'ies. He difeovered that 
liquid volatile alkali is capable of diflolving filings of 

zinc. 
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zinc, and that, during the fblution (which requires 
very little heat] an inflammable gas, capable of ful- 
minating, when mixed with air, is expelled from the 
mixture, and may be collected by means of a proper 
apparatus. 

He has alfo obtained a fimilar gas from thefolu- 
tion of filings of zinc by cauftic fixed mineral alkali, 
which was applied to the zinc in a liquid ftate, and 
was afliiled by a boiling heat. 

Filings of iron, although lefs foluble than thofe of 
zinc, by thefe alkalies, did neverthelels yield a gas no 
lefs inflammable and detonating than the preceding. 
M. de Lajfone could not difl'olve either of thefe metals 
by means of a mild fixed alkali. He oblerved how- 
ever, during the boiling of this alkali in a liquid 
ftate with filings of thefe metals, that an elaftic fluid 
was produced, which was found (he fays) to be com- 
mon air. 

The folution of zinc, and of its flowers, by mild vo- 
latile alkali, produced ammonical filky falts, from 
which M. de Lajfone obtained, by means of heat, a 
gas which was not inflammable, but poffefled the 
properties of calcareous gas. 

68. As ether has the Angular property of mixing 
with any permanently elaflic fluid, and expanding 
along with it; if therefore air be faturated with ether, 
an inflammable gas will be thereby formed. The 
efl'ential oil or fpiritus re&or of fraxinella feems to' 
have a fimilar property of forming an inflammable 
compound, by mixing with air. For when this plant 
is in flower, the vapour which exhales from it may 
be kindled by alighted candle. 

69. Dr. Prieft'ey has fhe n, that an inflammable 
gas, which burns with a blue flame, may be obtained 

from 
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From the nitrous acid, adling upon fpirit of wine or 
ocher inflammable fubftances, and that this gas is pro* 
duced (together with the nitrous gas deferibed in 
chap. V.) during the adtion of that acid Upon me- 
tals, efpecially upon zinc and tin. He obferved this 
inflammable gas alfo in the difiillation of a folution 
of zinc in' nitrous acid, in the period between the pro- 
dudtion of phlogifticated, and that of the pure factiti- 
ous air deferibed in §. 28. Experiments and Obferva- 
tions, pol. III. p. 24. 

70. An inflammable vapour or gas was produced 
by repeatedly diftilling the fame nitrous acid from. 
quicklime. Pott cn the folution of quicklime by nitrous acidi 

71. The inflammability of this was obferved to 
be great eft, when the diftillation of inflammable 
matter was baftily performed , and with a beat fud- 
denly raifed ; or when the folution of metals in acids 
proceeded with the greatefl vehemence - t as when heat 
was applied, and acids of a proper ftrength were em- 
ployed ; and wheh the ptttrefattion of animal and vege- 
table matters were baftily excited. Exp. and Obf. 1 . 58. 

72. The fpecific gravity of inflammable gas was 
found by Mr. Cavendijh to be eleven times lefs than 
that of common air, when this is 800 times lighter 
than water. 

73.. The mixture of air is neceflary to the inflam- 
mation of this gas, as of other inflammable fubftan- 
ces. Mr. Cavendijh has made experiments todifeovee 
the effects of firing different proportions of air, and 
the inflammable gas deferibed in §. 61 ; and be found 
the following refults : 

A mixture of nine parts of air with one part of in- 
flammable gas, did not fire eafily, and the inflamma- 
tion was accompanied with littlo found. 

E Two 
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Two pans of inflammable gas, and eight parts of 
air, were eafily fired, and the found produced was 
moderately loud. ^ 

Three parts of inflammable gas, and fcven parts of 
air, gave a very loud found . 

Four parts of inflammable gas, and fix parts of 
air, gave a found very little louder than the former 
mixture. 

Equal parts of gas and air, founded like the lalt 
mixture. 

In the firfl experiment, when nine parts of air were 
mixed with one part of gas, the flame fpread gradu- 
ally through the bottle containing the mixture. In 
the three next experiments, no light could be per- 
ceived, perhaps, becauie the flame lafled too Ihort a 
rime to make a fufficicnt impreffion on the eye. When 
* equal parts of the two fluids were employed, a light 
was feen. 

A mixture of fix parts of inflammable gas, and four 
parts of air, produced a found which was not loud, and 
after the explofion it continued to burn a fhort time. 

A mixture of feven parts of inflammable gas with 
three parts of air, gave a gentle bounce, and conti- 
nued to burn fome feconds. 

A mixture of eight parts of inflammable gas with 
two parts of air, caught fire without noife, and conti- 
nued to burn only in the neck of the bottle. 

From thefe experiments Mr* Cavendijb infers, that 
unlefs the mixture contain more air than inflammable 
gas, the air is not fufficient to confome the whole of 
the gas, and that the remainder burns by means of 
air ruihing into the bottle after the explofion J. 

74- The 

} The phenomena accompanying the inflammation of inflam- 
mable gas are well exhibited in the following experiment, related 
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74; The nitrous acid in this, as in other inftances, 
Teems to fupply the place of air in affifting the inflam- 
taation of this appears from fome curious ex- 

periments of Dr. Rriefiley . Experiments and Obferva - 
Hons, vol HI. p. 260. 

He filled jars with nitrous acid, and inverted the 
jars fo that their mouths were immerfed in the fame 
acid •, he then difplaced this add, by throwing in- 
flammable gas into the inverted jars. The gas which 

£ 2 had 


by Mr. tVarhire. ^ppendix to Dr. Pricjllcys Exptr. and Obferv . 
W. III. p. 367. 

44 I have feveral times repeated an experiment with inflammable 
44 . air, that appears to me very curious. I fit a glafs tube into a 
44 tapering cork, and that to a round* bottomed phial, in fuch a 

manner that a bend in the tube, when hung over the fide of « 
44 tub, be almoft two inches under the water, but that the end 
44 may rife four inches higher than the bend. The phial being 
44 charged with the proper materials for producing inflammable air 
44 brifkly, it mu ft be lighted, as it difcharges from the end of the 
44 tube, and will continue a flame as long as any inflammable air 
44 rifes, provided care is taken to prevent any moifture afcending 
44 along with the inflammable air. The phial and its tube being 
44 placed on the edge of the tub, a receiver, fuch as for an air- 
44 pump, is to be brought over the burning air, and its edge 
44 funk in the water upon the bend of the tube. The infiamma- 
44 ble air continues to burn as long as there is common air in the 
44 receiver capable of fupporting the flame. The appearances in 
44 this experiment are very remarkable. About as much inflam- 
44 mable air vanifhes as is equal to the bulk of the common air ; 
44 the burning is attended with much heat and light ; the common 
44 air is contracted full one fifth part of its original dimenfions ; im- 
44 mediately after the flame is extinguiflied, there appears through 
44 almoft the whole of the receiver, a fine powdery fubftance like 
44 a whitifh cloud, and the air in the glafs 'is left perfectly noxious. 
44 The bent tube fhould be flipped from under the receiver, the 
44 ioftant the flame goes ouf, to prevent the inflammable air mix- 
“ ing with the other air in the receiver.” 
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had thus pad through nitrous acid, was found to be 
more or lefs inflammable, (without mixture of air) 
and capable of producing an explofion, more or lei’s 
loud, in proportion to the flxength of the acid. He 
obferved, that this gas remained inflammable a Ihort 
time only after it had pad through the acid ; probably 
becaufe the acid vapour was gradually depofited ; and 
alfo that the gas loll its property of inflammabi- 
lity without mixture of air, by making it pafs through 
water, in which cafe, the acid vapour is probably fc- 
parated from the gas, by means of the water. Experi- 
ments and Obfervations on Air, vol. III. p. 260. ar.i 
vol. I. p. G 5. * 

75. The inflammable gafes, which have been prin- 
cipally obferved, explode during their inflammation, 
yet many others burn very well without explofion. 
Such are the inflammable gafes extricated from a 
mixture of calx of zinc and charcoal, and from Pruf- 
jian blue, by expofing thefe fubflances to heat in a 
gun-barrel, as M. de Lajfone has obferved. The de- 
tonation of inflammable gafes may be prevented, as 
M. de Lajfone affirms, by mixing them with nitrous 
gas : and Dr. Prieflley obferves, that if inflammable 
gas be mixed with nitrous gas, the mixture burns with 
a green flame. Exp . and Obferv. I. 117. 

75.* Inflammable gas may be kindled by the eleflric 
/park, even when the electricity is not very ftrong, as 
Signor Alexander Volta has obferved. Exp. and Obferv. 
•vol. III. Appendix. M. Chauffer alfo fhews, that in- 
flammable gas may be kindled by eleftric fparks. 
For this purpofe he filled a bladder with this gas, and 
made it pafs from thence into the open air through i 
tube, at the extremity of which was a hollow copper 
ball pierced with one or more holes, through which 

the 
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the gas iffued. By directing the fpark to one or more 
of the holes, the gas, which mixed with air as foon 
as it iflued, was immediately kindled, and continued 
to burn as long as the inflammable gas was prefled 
put of the bladder. When the ball had only one 
hole, there was a ftream of flame, like that of an 
enameller’s lamp, by m^ans of which M. Chauflier 
melted metajs, and revived metallic calxes without 
addition, the phlogiftoji of the gas ferving for the 
purpofe of reduction : and he pretends, that metals 
may be melted with lefs heat, and in Jefs time, by 
means of this flame, than of common fire. When a 
tapering hollow tube was fubflituted to the ball, fo 
that the gas was made to iffue through a fmall hole in 
the point of this tube, no inflammation could be made 
to take place by applying eleftric fparks, although 
the point was thereby rendered luminous, fiozier’s 
Journal* OSlober 1777. 

Signor Volta thinks that the ignes fatal , which he 
fuppofes to be inflammable gas that has arifen from 
marlhy grounds, and alfo that the falling flan may have 
been kindled by means of ele&ricity, 

75.** Meffrs, Macquer and Dc Montigny have ob- 
ferved, that pure inflammable gas obtained from zinc 
and iron diffolving in vitriolic acid, being applied to 
folutions of filver, mercury, lead, and other metals, 
communicated immediately to thefe folutions, the 
brown or black colour, which indicates the union of 
phlogifton with metallic earths, and an approximation 
to reduction. 

Thefe chemifts have not afcertained what change 
is produced upon the inflammable gas by this fpecies 
of decompofition, but they mean to inveftigate this 
matter by further experiments. Dill ion. de Cbymie. 
Gas inflammable , E 3 Mr. 
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7 6. Mr. Cavendifh did find that this gas was 
abforbedby the water , over the furface of which it flood: 
and it certainly may remain thus long without any 
confiderable diminution. But Dr. Priejlley fays, that 
by agitation in boiled water, no Ids than three fourths 
of this gas may be abforbed, and that the remainder 
was but weakly inflammable Vol.Lp.6j. And the 
inflammable gas, thus diminifhed by agitation in wa- 
ter, was found to have fo far acquired the properties 
of air, that when it was mixed with nitrous gas, a con- 
fidcrable diminution was obferved. Id. vol. 7 . iS<>. 

77. Inflammable gas is not diminifhed by fumes of 
liver of fulpbur , or by the cleftric fpark. Neither did 
the eledlric fpark paffing through this gas change the 
colour of a folution of archil in water. Exper. and 
Obfcrv . vol. L 2 17. The effefts of expofing this gas 
to oil of turpentine were remarkable. Its bulk was 
thereby confiderably enlarged ; it was rendered lefs 
inflammable ; and it was made capable of diminifhing 
nitrous gas nearly as much as air is. Id. vol. III. 
p. 366. 

78. Inflammable gas is noxious to animals-, but it 
does not feem to be hurtful to vegetable life ; for Dr. 
Priejlley found that plants grew pretty well feverat 
months in it, and that it ftill continued inflammable. 
Vol. I. 61. 


CHAP. 
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CHAP. V. 

On nitrous Gas . 

79' T\ R * Hales obfcrved, that when a mixture of 
X J nitrous acid with a martial pyrites was di- 
stilled ; or when the nitrous acid was poured upon 
antimony, or mercury, or filings of fteel, a gas was 
produced, which readily united with air, and produced 
keat by their union, while the mixture became red 
and turbid, and its quantity or bulk was found to be 
confiderablv lefs than the fum of the quantities of the 
two fluids employed. Statical EJfays, vol. I. 224. 
and vol. II. 280. Notwithftanding thefe fingular ap- 
pearances, no further notice was taken of this gas, 
till Dr. Priejlley thought it a fubjedt worthy of his 
inveftigation •, and how fuccefsfully he has profecuted 
his inquiry, the following part of this chapter will 
evince. To this fluid he has given the name of nitrous 
Air. 

80. Dr. Prieftley has procured the fame gas, by 
diflolving in the nitrous acid any of the following 
metals, iron, copper, mercury, filver, bifmutb, and nickel , 
and alfo by diflolving gold or regu/us of antimony in 
aqua regia. He obtained little or no gas by diflolv- 
ing lead in nitrous acid ■, and he found that the gas 
produced by diflolving zinc and tin in that acid, had 
the properties of the nitrous gas in a fmall degree 
only. Exper. and Obferv. vol. I. p. 1 10 and 126. and 
vol. III. p. 1 7. M. de Lajfone fays, that the gas which 
he obtained, by diflolving zinc in nitrous acid, was 
not nitrous , but calcareous gas. 

81. Hr. Priejlley has obtained this gas, by applying 
piprous acid to almoft all kinds of inflammable fub- 

E 4 fiances, 
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fiances, and more efpecially to vegetable than to animal 
matters. Both thefe matters, thus treated with nitrous 
acid, yielded alfo confiderable quantities of calcareous 
gas •, but this difference was remarked between them, 
that vegetable matters yielded a much larger quan- 
tity of nitrous gas, and that the gas obtained from 
animal matters contained alfo a portion of a gas which 
is fimilar in its properties to air in which candles had 
burnt till they became extintt, and which he there- 
fore calls fblogijiicalcd air . This feems to eflablifh a 
new diftir.dtion between the animal and vegetable 
kingdoms. Exp. and Obfcrv. vol. If. p. 145. 

82. A large quantity of elaftic fluid is expelled in 
the proccfs for making nitrous ether by dift illation ; 
and the Due d'Ayen has found, that this fluid confid- 
ed of nitrous gas mixed with ether , which has the 
Angular property of expanding into an elaflic fluid 
when mixed with any kind of gas, as Dr. Pricjllcy has 
obferved. Id. vol. I. p. 2 52. 

8;. The Angular phenomena which accompany 
the mixture of this gas with air have been mentioned 
in §. 79, namely, the heat, rednefs , turbid appearance, 
and diminution of bulk. 

Dr. Priejlley obferves, that the diminution of a mix- 
ture of this gas and of common air is not an equal 
diminution of both the kinds, but (fays he} “ of about 
“ one fifth of the common air and as much of the 

Irons air as is necellary to produce that effedl ; which, 
“ as I have found by many trials, is about one third 
“ as much as the original quantity of common air. 
“ For if one mcafure of nitrous air be put to two mea- 
“ lures of common air, in a few minutes (by which 
u time the eflerveicence will be over, and the mixture 
“ will have recovered its tranfparency) there will want 

about 
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* e about one ninth of the original two mcafures ; and 
** if both the kinds of air be very pure, the diminu- 
“ tion will go on very flowly, till, in a day or two, 
** there will remain one fifth lefs than the original 
“ quantity of common air.” Exp. and Obferv . vol. /. 
f. 1 to.’ 

When air is once faturated with the nitrous gas, 
any further addition of gas occafions an equal cn- 
creafe of the bulk of the mixture, and produces no 
heat or rednefs. 

The nitrous gas fuffers no diminution upon being 
mixed with any other kind of gas than air, and con- 
fequently the diminution is greater when the air is 
purer, as Dr. Prieftley has obferved. And he has ac- 
cordingly very happily applied this nitrous gas, as a 
teft, to dijlinguifh air from other kinds of gas, aud to 
meafure the purity of air ; by which means wc are fur- 
nilhed with a new method of examining air, and con-: 
fequently of extending our knowledge of the atmo- 
spherical fluid. 

In order to examine or afcertain the purity of any 
kind of air, let a jar Y (fee Plate and explanation ) be 
filled with water, and inverted into a veflel of water. 
Into this jar pour two meafures of the air to be tried, 
and one meafure of nitrous gas. If, when the effer- 
vefcence is over, and the mixture has loft its turbid 
appearance, the quantity remaining be only one mea- 
fure and feven ninths of a meafure, we may know that 
{he air is as pure at leaft, as the air appeared to be 
• in 

* M. Lavoifitr concludes from his experiments, that the pro- 
portion of air and nitrous gas requifite to produce a faturation, is 
16 parts of the former to 75- parts of the latter ; and that, when 
this proportion is obferved, the whole quantity of nitrous gas dif- 
appears, and alfo one fourth of the air employed. 
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jn the trials made by Dr. Priejlley, from which he d*» 
duced the rule above quoted. If the quantity of tha 
remaining mixture be greater than ty meafures, then 
the air is known to be proportionably lefs pure. But 
if, upon adding another meafure of nitrous gas, a 
further diminution takes place, that is, if the quan- 
tity of the remaining mixture be lefs than 2 j mea- 
fures, the air will be known to be purer in proporti- 
on to the further diminution that may be produced 
by adding more nitrous gas. Accordingly, when pure 
factitious air (§. 26, 2 7, 28.) is fpbjedted to this 
mode of trial, four, five, or even fix times the above- 
mentioned quantity of nitrous gas may be added to 
this pure air, before any augmentation happens of the 
bulk of the air employed. 

This mode of trial may be applied to difeover the 
Bate and falubrity of air in different places and in 
different times. Exper. and Obfetvat. vol. I. p. 116. 
Accordingly Signor Landriani, in a tour he lately 
made through Italy, examined, by this method, the 
date of the air, with regard to its purity, in the dif- 
ferent places through which he palled, and ke found 
that the rcfult of his experiments corrcfponded exaftly 
wkh the opinion which generally prevailed among the 
inhabitants concerning the falubrity of the air. In 
the mountains near Pi/a, he found that the air w a 
more and more pure, as he afeended higher ; and that 
at Mount Vefuvius, the air was more vitiated, as it ap- 
proached the fummit. The air of the Pontine lakes, 
that of the Scirocco at Rome , that of the Campa^ns 
Re;: an a, of the Grata dei Cani, of the Zolfatara it 
Naples, of the Baths of Nero at Data, of the fca- 
coall of Tufcany, were all found, on examination, ta 
be Inch as daily experience had led him to expcCt. 

S4. Th'q 
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84. This gas extinguijhes flame, (Hales, Appendix) 
and it is noxious to animals. But frogs and lnails were 
obferved to live in it a confiderable time, although 
they at length died in it. Exper. and Obferv. voi. I. 
f. 1 19. 226. 

85. This gas is capable of being abforbed by various 
liquors, and in various proportions. 

Diftilled water abforbs about one tenth of its bulk of 
this gas ; and the water thereby acquires an acid 
tafte, and becomes covered with a film. Nitrous gas* was 
by long agitation in water rendered capable of being 
d’tninijhed by frejh nitrous gas, as air is ; and when by 
this agitation it was reduced to one eighteenth of its 
original bulk, a moufe could live in it. Exp. and 
Obferv. I. 189. 120. 

Nitrous gas was very fuddenlv and copioufly ab- 
forbed by fpirit of nitre-, the colour of which was there- 
by changed firft to a deep orange, then to a green; 
The quantity of gas abforbed by a ftrong fpirit of nitre 
was in bulk 650 times greater than the quantity of 
fpirit employed. Towards the end of the procefs, 
the evaporation of the acid fpirit was obferved to be 
lb very great, that, at lafi, only half the quantity of 
fpirit remained, and this was further obferved to be 
very weak. The abforption of the gas feems to have 
rendered the fpirit very volatile. Exper. and Obferv. 
vol. HI. 122, &c. 

Oil 

* Mr. Bevjly remarks, that this gas does not give to water a 
fenfible acid impregnation, unlefs it comes into contact, or is mixed 
with a portion of air. Exper. and Obferv, I. 318. Neither does 
it feem to pofiefs any of the properties of acids, while it retains its 
elaftic ftate. The Duke de Cbaulnes introduced fome tin&ure of 
tournefol into a veil'd containing nitrous gas, and obferved, that 
no alteration was produced in the colour of the liquor. 
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Oil of vitriol was obferved to abforb about as much 
of this gas as water does; and to be thereby rendered 
of a purple colour. Id. III. 129. 

Spirit of fait imbibed one twentieth of its bulk of this, 
gas, and its colour was thereby changed from yellow 
to a Iky-blue. Id. III. 129. 

This gas was alfo abferbed by concentrated vege- 
table acid s. Id. III. 130. 

Nitrous gas lias been obferved by Dr. Prieflley to be 
capable of being abl’orbed by oils, ether, fpirit of wine, 
and by cauftic alkali. The quantity abforbed by oil of 
turpentine was confide rable, being equal in bulk ta 
eleven times the quantity of oil employed. The 
whole of a given quantity of gas however could not 
be thus abforbed ; for a refiduum, which extinguiihed 
a candie and l'cemcd to be like air which had been 
ex poled to burning fublbnccs, remained equal to 
one fourth of the quantity of gas expofed to the oil of 
turpentine. Exper. and Obfcrv. vol. III. p. 112, &c. 

fiu. Nitrous gas being expofed to a large furface of 
Eon during two months, was rendered capable of main- 
taining flame, and even enlarging the flame, although 
it continued highly noxious. The fame effects were 
produced by expofmg nitrous gas to liver of fulptur , 
during twenty-four hours ; ( Exper. and Obferv. I. 216, 
217.//. 1 78.I and to a mixture of filings of iron and 
fulphur. Id. III. 141. 

A gas, po. Tolled of this inflammable property, may 
be procured by diilblviog tin or zinc in nitrous acid. 
It mav alfo be obtained by applying heat toalolution 
of iron in that acid, after the common nitrous gas had 
c leaped from it during the folution, without heat. Id. 

HE > 33 ; & c. 

Citrous 
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Nitrous gas was diminilhed, by expofure to iron- 
flings and fttlpbur made into a pafte with water* to one 
fourth of its original dinten lions. When it has been 
thus diminilhed by iron-filings and fulphur, the refi- 
duum cannot be diminilhed by air, nor by agitation 
in water. Id. I. 223. 

87. The eleflric /park taken in nitrous gas diminilh- 
ed this gas to about one fourth of its original quan-« 
tity, and rendered it unfit for diminilhing air. When 
this fpark was taken while the gas was in contact with 
a folution of archil in water, the colour of this folution 
was changed from blue to red, in a very great degree* 
Exper.and Obferv. vol. I. 122. II. 238. 

88. Nitrous gas is quickly dccompofed by a folu- 
tion of green vitriol in water ; tbc colour of which is 
thereby rendered darker, but is rellored to green, on 
expofing the folution to air. Exper. and Oljerv. Ill* 
Preface , p. 33. 

S9. The denfity of nitrous gas appeared by an ex-* 
periment of Dr. Priejlley to be to that of air, as 1 84 to 
185. Exper.and Obferv. vol. If. p. 94. 

90. Dr. Priejlley thinks that this gas conlifts of th* 
tapour of the nitrous acid united with phlogillon, toge- 
ther perhaps with fome fmall portion of metallic calx* 
Exper.and Obferv. vol. I. pi 271. 

And Mr. Bewley jultly remarks, that this nitrous 
acid inform of a iluid, not condenfable by cold, can- 
not be rellored to a liquid date without the prefence 
and admixture of air. Exper. and Obferv. I. Append * 
3 « 8 . 

The red appearance therefore which takes place 
upon mixing nitrous gas with air, feems to proceed 
from the many fmall particles or minute drops of ni- 
trous acid jult reduced from an elaltic date to that 
' of 
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of a liquid, in confequence of the mixture of this gii 
•with air; and thel’e particles gradually fubfide, or 
are abforbed by the water, and difappear. 


CHAP. VI. 

On vitriolic acid Gas. 

91 . t ■ 'II E vitriolic acid is capable of being raifed 
J. by means of heat, and of mixture with 
oils, charcoal, or other inflammable fubftance , into ah 
elaftic fluid, which is not condenl'able by cold, as Dr. 
Priejlley has dii'covered. Exper. and Obferv. vol. II- 
p. 7. This elaftic fluid is called by Dr. Priejlley, who 
firft obferved it, Vitriolic acid air. 

92. This gas is very readily abforbed by water', 
when thus brought into the form of a liquid, it pof- 
fefles all the properties of the vitriolic, or rather per- 
haps of the volatile vitriolic or lulphureous acid. As 
this gas fo readily unites with water, it therefore can- 
not be collected in veflels filled with this liquid, but 
with fome fluid on which it has no adtion, as mer- 
cury. 

93. The fame kind of gas may alfo be obtained 
by means of heat from concentrated vitriolic acid and 
fcveral metallic fubftances, as copper, filver, lead, iron 
and zinc. It has been already obferved, that a gas 
of a different kind may be obtained from the fame 
acid in a dilute ftate afting upon fome of thefc metals. 
See Ch ip. IV. on inflammable gas. 

94. The following properties of Phis gas were ob- 
ferved by Dr. Prieftlcy. Exper. and Obferv. vol. H* 
p. 7, &c. 

a. It was heavier than air. 

b. It extinguifbed flame. 

c. It 
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t. It was ab/orbed by charcoal, to which it commu- 
nicated a very pungent fmell. 

d. It dijolved camphor readily, and reduced it to a 
tranfparent liquor, from which, by addition of water* 
camphor was reproduced. 

«. It did not a£t upon iron, nitre, common fait, of 
fal ammoniac. 

f. It formed a white cloud upon being mixed with 
a vapour of volatile alkali. 

g. It injured common air. 

h. When eleftric /parks were pafied through this gas* 
included by means of quickfilver, in a glafs tube, the' 
fides of the tube became tinged with a black ftain*.. 


CHAP. vir. 

Ch marine acid Gas. 

$ 5 . ^"’IHEMISTS have remarked, that a confider- 
V_^ able quantity of elaftic fluid is difcngaged 
during the diftillation of fpirit of fait by means of oil 
of vitriol, by which means much of the ftrongeft acid 
efcapes ; and Mr. JVoulfe, (Phil. Tranf. vol. LV.JI.) 
in order to prevent this lofs, has invented an appara- 
tus, by means of which the vapour is made to pals 
repeatedly through water, and is thereby condcnfed * 
but this fluid was confidered as a mere vapour, con- 
denfable by cold. Mr .Cavendijb however, in attempt- 
ing to produce an inflammable gas from marine acid 
ading on copper, in the fame manner as he had done 

from 

* The fame (lain is produced when the ele&ric fpark, and more 
effectually when the eledric (hock is made to pafs through common 
*ir confined by quickfilver. This black matter, when heated, ap- 
pear* to be pure quickfilver. Exp, and Ob/er . voL HI. Pref \ /. 34* 
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From that acid acting on iron and zinc, found that 
an inflammable gas could not be thus obtained; but 
from the phenomena accompanying the experiment 
Was led to think, that fomeelaflic fluid had been formed 
in the operation, and had been condenfed as foon as 
it had come into contact with water. I'bil. Tranf 
to!. LVI. This appearance of an elaftic fluid that 
was condenfed by contadt with water, feemed to Dr. 
lYujilcy to be an object worthy of investigation, and 
from the experiments which he made with this view, 
he difeovered a new fpecies of gafes*, namely, that to 
which the epithet acid is given* lie difeovered that 2 
gas could be obtained not only from fpirit of lalt 
adting upon copper, but alfo from that acid alone by 
means of heat •, that this gas was quickly abforbed by 
water, but when colledted in jars previoufly filled with 
quickfilver, that it retained its elafticity, and was there- 
fore, according to our definition, a true permanent 
gas *, to which he gave the appellation of marine acid 
air . Exper. and Obfcrv. vol. I. p. 143. 

9 6. The water which has abforbed this gas, be- 
comes a fpirit of fait , more or lets ftrorsg in proportion 
to the quantity of gas abforbed, and thus a ftronger 
marine acid fpirit may be obtained than by any other 
method. Exper. andOlferv. vol. I. p. 148. Ice is 
as quickly dlliolved by this acid gas, as it is by a hot 
fire. Id. vol. I. p. 240. 

97. This gas a bis upon many metallic and inflammable 
fubjl antes , and is thereby changed into an inflammable 
gas, as is (hewn in chap. IV. §. 62. Rut the fumes 
of liver of fulpbur did not render it inflammable: 
thefe fumes reduced its dimenfions to one half. 
Exper . and Obferv . voL L p. 235. 

Marine 
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Marine acid gas was a little diminifhed by the 
tltUric /park paffing thfdugh it. Exp. and Obferv. 
vol. IT. p. 239. 

98. This gas 'extinguifhes flame ; and when mixed 
with air, it gives to flame a beautiful green or bluifh. 
colour. Id. I. 147. 


(CHAP. VIII. 

On nitrous acid Gas; 

99. "^TOT only the nitrous gas above defcribed 
(chap. V.) may be obtained from the 
nitrous acid ; but alio the mere vapour of heated 
fpirit of nitre Was difcovered by Dr. Prieftley to aflume 
the form of gas : at leaft, it remained uncondenfed 
by the cold of the atmofphere to which it was ex- 
pofcd. Exper. and Obferv. vol. II. p. 1 69. 

THe difficulty of finding a fluid capable of confin- 
ing this vapour, and ori which it has no adtion, pre- 
vented a complete invdftigatioh of it : for it was rea- 
dily abforbed by watfer, and it diflolved quickfilver. 
Our knowledge of it is therefore very imperfedt; but 
if it fhould Be found, upon further examination, to 
be a permanent gas, it may be denominated nitrous 
acid gat ; while the gas defcribed in chap. V. may 
retain the name of nitrous gas. 

When this vapour was mixed with nitrous gas, the 
mixture became red and turbid, the nitrous gas was 
diminifhed, and its power of diminifhing air was lel- 
fened. Exper. and Obferv. II. 170. 

Dr. Prieflliy, to whom we are indebted for every 
thing we know concerning this gas, not finding any 
vapour in the ftate of liquor capable of containing it, 

F _ * made 
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made it pals from the veflel containing nitrous acid act- 
ing upon metals, into phials containing air, by which 
means the phials were filled with this vapour mixed 
with air. The vapour in thefe phials was obferved 
to be red ; and the intenfity of the red colour of this 
vapour, and alfo of the high-coloured fpirit of nitre 
itfelf, was cncreafed by heat. This phenomenon 
Dr. Prieftley attributes to the action of heat on the 
phlogifton contained in the vapour and acid. 

This vapour being mixed with air, and afterwards 
feparated from the air by being abforbed by water, 
was found to have fo altered the air, that it was no 
longer capable of diminilhing nitrous gas. Exp. and 
Obferv. voL III. p. 192. 

Water very readily abforbs this vapour, and is 
thereby converted into a fpirit of nitre, the colour of 
which varied according to the ftrength of the impreg- 
nation, from blue to green, and thence to a yellowilh 
hue. Id. III. 198. 

During the beginning of the impregnation of the 
“water with this nitrous acid vapour, the water was 
obferved to fparkle much ^ and the impregnated water 
gradually emitted fo much elaftic fluid during two or 
three days after the impregnation, that the velfels, it 
clofely ftopc, were in danger of burfting. This elalhc 
fluid was expelled more copioully by heat ; and up- 
on examination, was found to be nitrous gas. The 
quantity of this gas which was expelled from impreg- 
nated water, was in bulk ten times greater than the 
water employed. But it appears from Dr. Priejlkys 
former experiments, that water can abforb only one 
tenth of its bulk of nitrous gas ; therefore this large 
quantity of nitrous gas does not enter as nitrous 
gas mixed with the acid vapour into the water ; but 

feems 
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feenis to be formed by the union of the vapour with 
the water. 

This acid vapour, united with exprefled oils, ren- 
dered them of blue and yellow colours, and coagu- 
lated them. By combining with efTential oils, it pro- 
duced heat and effcrvefcence ; and once an exploOon 
happened. Exper. and Obferv. III. 208. 2 to. 

The gas produced by the union of die vapour with 
oils, was found to be fimilar it} its properties to phlo- 
gifticated air, or air which had been expofed to burn- 
ing or phlogiftic bodies ; that is, it extinguifhed 
flame, and pofleffed none of the diftinguifhing pro- 
perties of other gafes. III. 21 !. 

Oil of vitriol and fpirit of fait imbibed this acid 
vapour. The fpirit of fait thus impregnated became 
an aqua regia, which readily diflolved gold ; and when 
heated, it yielded a confiderable quantity of nitrous 
ga 9 , in the fame manner as the impregnated water 
was obferved to do. But no gas could be expelled 
from the impregnated oil cf vitriol. Id. 222. 

A , 

CHAP. IX. 

On fluor acid Gas ; 

‘co-TV* P r * e ftkt has obtained an acid gas, by 
i / dilfilling the minerals called fiuors with oil 
of vitriol, as in the procefs for obtaining the acid of 
fluors. {See Dinionary of Cbemijiry , article F/uors.) 
And he has obferved the following properties of this 
gas, to which he gives the name of Fluor acid air. 
Exp. and Obferv. II. 187. and III. 285. 

This acid vapour or gas no' fooner came into contact 
with water than part of it was abforbed, and at the 
fame time the furface of the water became covered 
with a Jloney film, fimilar to that produced by the 

F 2 mix- 
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mixtufe of the acid of floors with water, and whiui 
Mr. S check pretends to be a quartz or flint. When 
this film was broken, another cruft was formed on 
the furfacc of the water, and fo on fucceffively till the 
whole of the gas was abforbed by the water, which 
thereby becomes impregnated with a very volatile acid. 
As this acid is fo readily abforbed by water, it re- 
quires to be confined in quick filver. 

101. This gas retains its acid properties ; for befides 
its uniting lo readily with water, it forms a cloud with 
alkaline gas, delcribed in chap. X. and it may be ab- 
forbed by chalk, from which it extricates calcareous gas. 

102. This gas was abforbed by charcoal , by rujl of 
iron , and by alum , the furface of which it rendered 
white and opake, by leizing the watery part of the* 
alum. When Jalt petre was expofed to it, the vefiil 
became filled with red fumes, and the gas was gradu- 
ally diminifhed cil V only one tenth part of it remained. 
One fourth part of this refiduum was abforbed bv lime- 
water, in which it occalioned a precipitation. 

k> 7 > Water impregnated repeatedly with this acid 
gas, and freed from the earthy cruft, being heated, 
was found to yield a gas which did not form any cruft 
with wafer, but puflclfird all the properties which 
have been oblerved of vitriolic acid gas. 

104- From the above properties of this floor acid 
gas, Dr. Prieftley is induced to think that the fiuor 
acid is not a particular acid , but is the ctcid of vitriol , 
charged with as muc h phiogifton as i^ neccffary to 
give to it the form of gas, and alfo with much of 
the earthy matter of the floor. And he is confirmed 
in this opinion from the following obfervations : 

1. That floors contain phiogifton, appears evident' 
from the efiefts of cblliiiing them with nitrous acid; 

by 
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•by which means nitrous gas, and a gas capable of 
producing a precipitation in lime-water, are formed. 

2. It appears no Ids evident, that an earthy matter 
is raifed along with this gas, from the cruft which is 
precipitated from the gas, when water is added. 

3. The gas obtained by applying heat to the water 
impregnated with fluor arid gas, pofiefles all the 
known properties of vitriolic acid gas ; the water 
having deprived the acid of the earthy matter which 
gave to it the peculiar properties of the fluor acid. 

4. When nitrous or marine acids are fubftituted 
inftead of vitriolic acid, in the procefs of obtaining 
the fluor acid, none of the gas that is capable of form- 
ing a cruft with water is jpro^yced. Exp. and Obferv. 
yol. ITT. p. 2 #8. 

Mr. Scbeele however affirms, that the fluor erufl was 
producedjbydiftilling fluor with nitrousor marine acids, 

Neverthejefs, Dr. Pruftley has remarked a difference 
between water impregnated with vitriolic acid gas, 
and water impregnated with fluor acid gas, namely, 
that the former is capable of being converted into ice 
by cold, but that the latter is nor. He thinks that 
this difference may proceed from the earthy or fluor 
cruft. Jd. vol. III. p. 360. 

M. Mcwtf/endeavourstoconfirm by experiments the 
opinion of Dr. Priejiley , that the acid obtained by diftiU 
ling a mixture of (par and oil of vitriol, is not a peculiar 
acid, but he thinks that it is the acid of vitriol employed 
in the procefs which has been rendered volatile, by. 
combining with the earthy principle of the fpar. He 
found, after he had obtained nsmuch acid as he could by 
diftillation from that mixture of fpar and oil of vitriol^ 
that by adding water to the acid refiduum, he obtained 
tporeacidby diflillation ; and that the refiduum after this 
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70 0 * four acid Gas, 

fecond operation was no longer acid. He concludes 
from this experiment, that the whole of the vitriolic 
acid is thus volatilized, and that the earth of the fpar 
is rendered volatile by means of that kind of combi- 
nation with the vitriolic acid, which is called with 
excefs ef acid. He further found, that a faline 
matter which he obtained by lixiviating the refi- 
duum, and which refembled felenites, but was 
really different in its properties, being dillillcd in 
the lame manner with vitriolic acid, the fame vola- 
tile acid was thereby produced; and that the cruft 
formed in the water of the receiver during the diftil- 
lation of a mixture of vitriolic acid and fpar, when 
deprived of its excefs of acid by waffling in water, 
became exactly fimilar to this matter obtained by 
lixiviatioo of the refiduum. From the acid liquor re^ 
maining in the retort, diluted with water, a white 
precipitate was thrown down on addition of fixed al- 
kali, and a yellow precipitate on addition of a Mo- 
tion of mercury in nitrous acid, which yellow preci- 
pitate could not be fublimed, and was not therefore 
corrofive fublimate, according to the idea of the 
chemiff, who has aflumed the fictitious name of 
M. Bcullanger , and who contends that the acid ob- 
tained in the diffillation of fpar with oil of vitriol is 
the marine. By fufing fpar with fixed alkali, M. 
Monnet could not obtain any neutral fait. See Ro - 
tier's Journal, Auguft 1777. 

The experiments of M. Monnet do not however de- 
cide the queftion concerning the nature of the fluor 
acid. The acid which he obtained wanted the mofl cha- 
ra&eriftic property of the fluor acid, which is the power 
of corroding glafs. Poflibly there may be a difference 
among the ftones called fluers or fufible j pars . 

CHAP. 
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C H A P. X. 

Of Alkaline Gas, 

10 5. TV T O T only the vapour of acids, but alfo that 
i. V of volatile alkali , may be railed into a per- 
manent gas by means of heat, as Dr. Priejlley has dif- 
covered. Thus by applying the flame of a candle to 
a phial containing volatile fpirit of fal ammoniac, he 
expelled much vapour, which being received into a 
veflel filled with quickfilver, continued uncondenfed 
by cold. When mild volatile alkali was employed, 
he obferved that much of the gas which combines 
with alkaline and calcareous fubftances was alfo ex- 
pelled. He therefore preferred the cauftic volatile 
alkali, for the purpofe of obtaining this alkaline gas, 
Exp. andObfer. I. 163, &c, 

10 6. Alkaline gas is very readily and copioufly ab- 
Jorbed by water , with which it forms a very ftrong vo- 
latile alkaline fpirit. It alfo dijfolves ice as fall as if 
the ice were expofed to a hot fire. This gas unites 
with the marine and vitriolic acid gafes , forming con- 
crete ammoniacal falts ; and with the gas of calcare- 
ous fubftances , with which it concretes into oblong 
flender cryftals. Ibid , Although volatile alkali rea- 
dily afts upon copper, yet this metal was not aifefted 
by alkaline gas. Id. vol. II. 232. 

107. Alkaline gas, mixed with air, was found to 
be inflammable. Ibid. Cygna fays alfo, that air 
faturated with volatile alkali is inflammable. 

Alkaline gas was encreafed in its dimenfions by elec- 
tric fparks palling through it ; and when as much of 
the gas, thus treated, was abforbed by water as could 
be done, the refiduum was inflammable. Exp. and 
Qbferv . vol. II. p. 240. 
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72 Of alkaline Gas. 

108. In the preceding chapters the feveral fjecies 
of gafes, hitherto known and diftinguifhed from each 
other, by their peculiar properties, have been de- 
feribed. But as two or more of thefe fpecies are fre- 
quently obtained from the fame fubftance, and by the 
fame procefs; the following chapters will contain 
fome obfervations relative to the kinds and quanti- 
ties of gas produced from certain fublfances, and in 
the laft chapter will be added lbme conjectures and 
fpeculations concerning the theory of thefe fluids. 


C H A V. XI. 

On the Gas extricated from putrefying Subftances. 

109. A Permanently elaftic fluid, or gas, efespes 
xV from animal and vegetable lubftances un- 
dergoing the putrefactive fermentation. 

This gas confifts of two different kinds mixed tq- 
gether. One of thefe renders cauftic alkalies mild,' 
and precipitates lime-water, as Dr. Mackbridt has 
fhewn. The other kind of gas was obferved by Mr. 
CavendiJJj to be inflammable. See Chap. IV. on inflam- 
mable gafes. 

In order to afeertain the quantity and proportion of 
thefe two gafes, Dr. Prieftley put a piece of mutton, 
weighing four pennyweights and fix grains, into ajar 
filled with quickfilver, and inverted into quick filver, 
and he found that the quantity of gas emitted dur- 
ing the putrefactive procefs, was, in bulk, equal to 
efi oupccs of water, of which quantity 2, V* ounce 
meafures were of the former kind of gas, and the 
remainder was inflammable. It is obfervable, that 
all the inflammable gas was extricated in the begin- 
ning of the procefs. Exp. and Olf. vol. III. 344. 

from 


Digitized by t^ooQle 



On the Qai extricated from putrefying Subjiances. 73 
From 7640 grains of putrefying broth, (which con- 
tained abouc 163 grains of folid matter) one grain of 
inflammable gas was procured by Mr. C#vendijb. 
Phil. Tranf. 1766/ 


CHAP. XII. 

Qf the Gets obtained by Fire from Animal and Vegetable 
Sifb/tances. 

ii°. A ^TUCH elaftic fluid is produced inthediflil- 

J.VJL lation of animal and vegetable fubftances. 

Dr. Halo has afeertained the quantity of gas whiefy 

fie procured frqrp many of thefe fubflances. From 

bis Anaffis of Air , the following fummary of the re- 

fplts of his experiments is collected; 

1 cubic inch of bor's\ .. . , r 

(M, yielded | 33 cubic inches of gas. 

* cu j^'^ lnc ^' 1 1 1 ^cqualtoonefcventhofitstvt. 
a cubic inch of oak 108 ; — one third ditto. 

Ind,an }i° ~ ° ,icfourth ditt °* 

% cubic inch of penfe 396 — one third ditto. 

* 37 tSdfiei 0< ”“' / '} 2 7° - otic fixth ditto. 

,4I Sr° fdry "’ }'53 - 00c third ditto. 

1 cubic inch of <3// 1 
anifeed J 

l cubic inch of oil of 1 00 
cloves j 88 

j cubic inch of honey ^ 

mixed with ;<?/-> 144 — one ninth ditto,. 

cined bones 4 

1 cubic inch of bees-\ _ 


— one third ditto. 


— one ninth ditto,. 


} 5 \ ~~ 


one tenth ditto. 

1 cubia 
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74 Of the Gas obtained by Fire , &c. 

i cubic inch of coarfe\ 1 26 cubic inches, equal toon$ 
fugar, yielded J tenth of its weight. 


1 cubic inch of tartar 504 
i cubic inch of fait 1 
of tartar ' 1 1 2 

, cubic inch of hu- 
man calculus 



one third ditto, 
one ninth ditto. 


i cubic inch of / (ones s 
taken from a hu- (108 
man gall bladder ) 


Fan Helmont computes that of 62 pounds of char- 
coal bi pounds may be reduced into gas by burning. 
Complex, atq. miftion. e'em.fgm. 13. 

It may be remarked generally, that the elaftic fluid, 
produced by fire from animal and vegetable matters, 
is chiefly a mixture of calcareous gas, defcribed in chap. 
JII. and of another gas which is inflammable, and which 
may be feparated from the former by expofure to 
water ; by which means the inflammable gas will be 
left alone, the other being almoft totally abforbed by 
the water. The inflammable gas thus obtained fe- 
parate from the other, is not quite pure ; for I found 
that a gas obtained by diftilling tartar, which did not 
Ihew any marks of its containing air when mixed 
with nitrous gas, being expo fed to water and lime- 
water till no more could be abforbed, left a refi- 
duum which was inflammable, and which, on be- 
ing mixed with nitrous gas, became turbid, and was 
a little diminifhed which fhews that the refiduum 
contained a fmall portion of air, mixed with thcilb 
flammable gas. 


CHAP* 
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CHAP. XIII. 

Of the Gafes in Mines and other fubterranean Places. 

in. A Noxious gis is found in many caverns, as 
dTX. in the famous Grotta del Cane , in mines, 
wells, and other deep pits. This gas, which by Enj- 
lijb miners is called Choke-damp, is heavier than com- 
mon air, and therefore lies chiefly at the bottom of 
pits ; extinguifhes flame ; precipitates the lime of 
lime-water; and is noxious to animals: from thefe 
properties, which it poflefles in common with the gas 
obtained from calcareous and alkaline fubftances, it 
has been reckoned to be of the fame kind, as that 
which has been deferibed under the name of calcare - 
cus gas. See Chap. III. * 

112. Another kind of gas found in mines and other 
deep pits, is called Fire-damp, from its inflammability. 
It is lighter than air ? floats near the roofs of mines, 
and is apt to catch fire and explode. This is 
one of the gafes which have been enumerated under 
the name of Inflammable gas. See Chap. IF. 

CHAP. 

* Miners who work in mines that are fubjeft to this damp, gene, 
rally carry down with them, into their pits, a lighted candle to try 
the falubrity of the air. They can, however, remain with fafety 
fereral hours in pits where a candle cannot burn, I have feen them 
working in the (haft of a coal-pit feveral yards below the part of 
the (haft where a candle was extinguilhed. For, as has been al- 
ready obferved, in treating of calcareous gas, flame may be ex. 
tinguilhed by mixing a (mailer quantity of noxious gas with air 
than is fufficient to prevent refpiration : but where the damp is fo 
flrong, that not only the flame of the candle, but alfo the redneft 
of the burning wick is extinguilhed, the miners never venture to 
remain a minute, knowing that degree of damp to be quickly 
fatal to animal life. 
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C H A P. XIV, 

Of the Gas of Waters. 

1 1 3. AN elaftic fluid may be expelled from cpm- 
mon water, by removing the prejfure tf the 
fltmofphere, or by boiling. But although the greater 
part of the air or gas may be expelje.d by thefe means 
from water, yet M. de Luc thews, from many labori- 
ous experiments, that water obflinatelv retains a certain 
(quantity of air or gas, which cannot be extricated by 
boiling, by the air-pump, or by any other known 
means, than by a long-continued agitation in vacuo; 
and he further fhews, that when water is thus deprived 
of all the air that can be feparated from it, it then be- 
comes capable of fuflaining, without boiling, a much 
greater heat than can be given to it in its common 
llatc, even to 240° of Fahrenheit's fcale, or more, 
The elaftic fluid contained in water, may be alfo fe- 
parated by freezing. Accordingly ice is always ob- 
served to contain many bubbles. 

From 5+ cubic inches of well-water. Dr. Haiti 
obtained one cubic inch of elaftic fluid; and from a 
pint of pump-water Dr. Priejllcy procured one quar- 
ter of an ounce meafure of a gas, in which a candle 
could not burn, but a moyfe lived. Exper. and Obf 
:iw/. 1 . 160. The water of another pump yielded one 
fourteenth of its bulk of gas. fd. vol. If. 223. 

A much larger quantity of gas is contained in many 
piiaeral loiters, 'i hus from 4 1 1 ounces of the water 
of RatU-one place , Mr. Carcndija obtained above 75 
ounce mealures of gas, of which quantity he oblervcs, 
u.»r above twenty mealures were extricated before the 
water b ided. Phclof. Frattj • vol. LI lI. 

Some 
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Of the Gas of Waters • 77 

Some authors talk of a much larger quantity of gas 
being contained in water. Thus Mariotte affirms that 
a bubble of elatlic fluid, expelled by heat from water,* 
did occupy,* when reduced to the temperature of the 
atmofphere, a fpace^ ten times greater than the fpace 
occupied by the water which had contained it. 

But Dr. Hales fufpe£ls that part of this* gas produced 
in Mariottfs experiment, (which was made by apply- 
ing heat to a drop of water included in a glafs thim- 
ble filled with oil and inverted in oil) proceeded' front 
the« 7 : for oil alfo contains a eonfidcrablc quantity 
of gas, according to Dr. Holes’ s experiments. Hales i 
Appendix; 

Other mineral! waters yield a very fmafl quantity of 
gas by being heated, from 54 cubic inches of Pyr- 
mont water, Dr. Hales procured two cubic inches of 
gas, which he feems to have errcmeoufly cortfidered as 
air. Bath water yields only one thirtieth of its bulk 
of gas,- according to an experiment of Dr. PrieJUey ; 
And of this quantity, one half had the properties of 
calcareous gas* and the other half of air in which a 
candle had burnt out. Exper. and Obfcrv. vol. lie 
p. 223. Dr. Hales procured no more gas from two 
quarts of Bath water, than was equal in bulk to half 
a pea. Appettdix. 

114. Dr. Hales juftty attributed the peculiar brifk- 
nefs and fparkling quality of Pyrmont and other mine- 
ral waters to the gas which he found was contained 
copioufly ia them. Hoffman alfo obferved, that fome 
tnineral waters in Germany contained nothing falinc, 
but that they abounded in a volatile principle, ro 
which he gives the name of fulphureous atr to ether eo 
tlaftic fplrit. And Mr. Vend ffiewed in 1750, that the 
Waters of Seitz were neither acid ror alkaline, but 

con- 
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yi Of the Gas of Waters* 

contained one fifth of their bulk of an eiaftic fluid, to 
which they oned their peculiar properties: and he 
endeavoured to imitate this mineral water, by adding 
to a French pint of water two gros of mineral alkali, 
and a fufficient quantity of marine acid, to faturatc 
the alkali. This mixture being made in a firait- 
necked clofe veffel, the gas which was expelled from 
the alkali by means of the acid was not allowed to 
efcape; but it impregnated the water I'o ftrongly, 
that this water was found to contain twice as much 
gas as the native mineral water. 

Mr. Venel does not however diftinguifh the gas con- 
tained in mineral waters from air. 

Dr. Seyp of Pyrmont in the year 1 736 confidered this 
fluid to be the fame as that which is foond in the 
Grotta del Cane, and other fubterranean places : and 
Dr. Brownrigg fent to the Royal Society a paper, in 
which the gas of Pyrmont and Spa waters is faid to 
be analogous to the choke-damp or permanently eiaftic 
gas of mines, which is {hewn in chap. XIII. to be that 
gas which is in this Treatife called calcareous. Phil. 
T ranf. vol. LV . 

Mr. Cavendifh obferved, that the gas obtained from 
the waters of Rathbone-place occafioned a precipitation 
in lime-water •, and he is induced to believe, that the 
greateft part of it is of the fame nature as the gas 
contained in calcareous earths : but he alfo found, 
that — — of the eiaftic fluid contained in this water 

7500 

Were air. 

1 15. Mr. Cavendifh difeovered that calcafeous earth 
is fufpended and diffolved in the waters of many 
fprings, by means of their contained gas. By an ac- 
curate analyfis of the waters of Rathbone-plaee , he ob- 
tained, from 494 ounces of thefe waters, 271 graio* 
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Of the Gas of IVaterS.' 79 

©f earth, which, excepting a few grains of magnefia* 
Was of the calcareous kind. He further Ihevvs, as has 
been already remarked, that the gas obtained from 
calcareous or alkaline fubftances is capable of diflolv- 
ing calcareous earth, that is, of making it foluble in 
water. It may feem extraordinary that this gas, 
which is knowo to precipitate the lime from lime- 
water, Ihould alfo render this earth foluble in water ; 
but the fadt is uncontrovertible ; for befides that this 
or fome very fimilar gas is proved to be the medium 
by which the calcareous earth is kept fufpended in 
Ratbboneplace , and other waters, it is fhewn by Mr. 
Cavendijb, that if to lime-water, which has been ren- 
dered turbid by means of calcareous gas* more of the 
fame gas be added, this water will, by this addition, 
be enabled to rediffolve the precipitated lime, and 
will be again rendered pellucid. And indeed this 
phenomenon is analogous to other well-known chemi- 
cal fadfs. For many of the precipitates, formed by 
adding alkalies to the folutions of metals in acids, 
may be redifiolved by a further addition of the alka- 
line precipitant. 

1 16. Mr. Lane has lhevvn that the gas of mineral 
Waters is capable of dijfolving iron ; and that by means 
of this fluid, without any other menftruum, the iron 
is difiolved and fulpended in many chalybeate waters. 
Thefe chalybeate waters depolke their iron when ex- 
pofed to air for the gas, by means of which it is fuf- 
pended, is volatile, and efcapes upon expofure to air *. 

But 

* Dr. Hales has obferved, that when mineral luafers had been 
' deprived of their elaftic fluid, they loft their power of tinging 
an infulion of galls. ( Appendix.) And indeed Van Hclmout, long 
before, knew that the efcape of the fpirituous gas, from thefe wa- 
ters, by expofure to air, was accompanied with a lofs of their aci- 
dulous 
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But Dr. Brozvnrigg has obfervecl, that the gas docs 
not efcape from the water which it impregnates, un- 
!efs the water be in contnft with air ; for when the 
Pohun water was excluded from air; but at the lame 
rime liberty was given for its gas to life into an empty 
bladder, the gas did not feparate from the water by 
any Spontaneous motion, but on the contrary, it re- 
mained United with the water, whin expo fed to the 
greateft hears of our climate. When the impregnated 
water is thus excluded from air, the gas will efcape 
but (lowly with any heat lefs than that of t io°of Fah- 
renheit's thermometer, although fuch heat be luffici- 
ent for the diflillation of water ; neither can this gas 
be wholly expelled by a heat of i6o° or 170°, con- 
tinued two hours. 1 his adhclion fliews, that the gas 
ex ills in the mineral water with the other ingredients 
in a Hate of lolution ; and in the fame proportion in 
which the gas is expelled, in the fame alfo are the 
martial and earthy parts feparated. See Dr. Brown- 
rigg's paper on Pohun waters, Phil. Tranf vol. LXIV> 
'i here is reafon to believe that the gas may be more 
intimatclv combined with the ingredients of fome 
mineral waters than with thole of others, and cannot 
be lb cafilv expelled. Dr. James Kcill oblerved, that 
a mineral water near Northampton loft its fpirituous 
qurditv, by being long kept included in a Florence 
JLfl; hermetically fealed. The combination of the 
gas with the water may have been rendered more per- 
fect by time. Perhaps the reafon why lb little gas 
can be extricated Irani Bath water, ' v fee §. 11 3.) may 
be, that it is more intimately combined with that 

water, 

dulnus qualit\’, and a depofition of the ferruginous matter difiolvcd 
ill them. FarMU'Zum tpiartuvt, §. 2, 9, lo. 
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Of the Gas of Waters* 81 

Water, or united with other ingredients which retain 
and fix it more than in the waters of Pyrmont, and 
others which Sparkle much. 

117. ' Gas may be feparated from water, hot only 
by the means mentioned in §. 113* but alfo by addi- 
tion of an acid* which occafions an effervefcence, and 
consequently ah effcape of the gas* Hence the aci- 
dulous waters are made to Sparkle* by adding juice > 
of lemons* or Rhenifh wine. 

1 1 8. The difcovery of gas being the principle to 
which the bri'fknefs arid peculiar properties of the 
mineral waters called acidulous are principally owing/ 
having been ascertained and Dr; Halts and'Mr.Ca- 
X’endifh having Ihewn, that the gas of calcareous fub- 
ftances was capable of being abforbed by water, it 
occurred to Dr. Prieftley , that the artificial impregna- 
tion of water with gas might be applied to ufeful 
purpofes, and that mineral waters might be thus irni-; 
tated. It was obferved, that the water which had; 
been diftilled from Sea- water, although free from any. 
feline matten* was not fo palatable or brilk as pump- 
water. This defett Dr. Prieftley propoSed to'fupply, 
by impregnating the. diftilled water with the gas ex- 
tricated from chalk by means of.bil of Vitriol. And 
he published an account of an eafy method of. effect- 
ing this impregnation. His method confifted in col- 
lofting a . Sufficient quantity of his gas in a bladder* 
and in forcing the .gas from the bladder- through a- 
bent tube into the water intended to be impregnate^ » 1 
which watef was Contained in a bottle inverted into a 
bafon filled alfo with water. The gas thus remaining 
in contact with the Surface of the water within thei 
inverted bottle, is gradually abforbed, and the abforp-;. 
bon is haftened, by agitating the apparatus. . The 

G Water, 
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water, by being impregnated, acquires the tafte of the 
acidulous mineral waters ; and accordingly this artifi- 
cial impregnation of water with gas has been lately 
much p radii led, in order to imitate thefe mineral wa- 
ters. Dr. Percival obferved, that the water thus im- 
pregnated acquires more of the fparkling quality of 
Pyrmont water, by being kept fome time. Exper. and 
Qbferv. vol. I. f. 32 . 

This impregnation of water with gas is much faci- 
ltcated by Dr. Nooth' s invention of an elegant and 
well-contrived apparatus of glafs veffels for this pur- 
pofe, an account of which is publifhed in the Pbilof. 
Tranf. vol. L.XV. See alfo Plate, fig. 4, and the ex- 
planation. 

1.19. The gas contained in water is faid by fome 
authors to be more expanfive than air is *, that is, 
that by an equal diminution of preffure upon thefe 
two chftic fluids, the bulk of the former is much 
more enlarged than the bulk of the latter. S’Gravcf- 
ande obferved, that a bubble of the gas in water ex- 
panded fo as to occupy a ipaee 1 5000 times greater ; 
when the common air fuffered an expanfion of only 
300 times. And Mufchenbroek affirms, that he has 
feen a particle of this gas expand itfelf to a fize 
46,656,000,000 times greater. But, he adds, fuch 
particles are not always to be obferved in water; and 
he conjedlures that this gas, as well as air, confifts 
of particles of different denfities and elafticities. IntroL 
ad Philof. Nat. §. 2051. 2063. 

That thefe fingular expanfions of bubbles of gas 
in water appeared as is reprefented, cannot be doubt- 
ed, when we confidcr the accuracy and ability of 
s'Gravefande and Mufchenbroek. But that the gas of 
water poifeifes an elafticity fo much greater than 

air. 
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*ityis an inference not eafily to be admitted. And 
may not this phenomenon be otherwife explained ? 
Water and other liquids are known to retain fo pow- 
erfully the air or other elaflic fluids which happen to 
be united with them, that thefe elaftic fluids cannot 
be immediately thence expelled, either by boiling or by 
removing the preflure of the atmofphere \ but while 
the liquids remain freed from this preflure, the_alr or 
other elaftic fluid feparates from them very flowly and 
gradually, forming a bubble which becomes more and 
more large, from the gradual acceflion of exceedingly 
fmall and almoft inviftble particles of fuch elaftic 
fluid. This very flow reparation of air from liquors, 
and the gradual formation of bubbles, was particularly 
noticed by M. de Luc when he was making thermo- 
meters. It Teems therefore probable, that the enlarge- 
ment of the bubbles obferved by the Dutch philofo- 
phers, did not proceed merely from an expanfion of 
a given quantity of air or other elaftic fluid, but prin- 
cipally from the acceflion of more particles of thjs 
fluid difengaging thcmfclves from the water during 
the experiment, and uniting with ' the bubbles ready 
formed. 

Mufcbeubroek fays alfo, that by doubling the preflure 
be reduced the elaftic vapours of a fermenting pofte 
to a quarter of its former fpace : and he thinks that 
nwft daftie fluids are not fubje€t to the fame law as 
air is, namely, that the fpaces occupied by them are 
InVerlcly as the powers with which they are compref- 
fcd. Introd. ad Phil. Nat. 2051, 

As Mufcbeubroek does not relate the manner in 
which the abovementioned experiment was made, we 
cannot fay whether feme error might not arife from 
condenfation of watery vapours, or from any abforp* 
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34 Of the Gas of Waters . 

tion of gas. A different refult however was the con- 

fequence of the following experiment. 

I filled a bent tube open at one end only with fome 
gas obtained by adding vitriolic acid to chalk. By 
pouring mercury into the tube, a quantity of this gas 
was included between the clofc end of the tube and 
the furface of the mercury. I meafured the fpace 
occupied by the gas thus expofed to the compreflion 
of the atmofphcre, and alfo of the column of mercury 
in the open leg of the bent tube above the furface of 
that fluid in its clofed leg. I then varied the height 
of this column, by pouring more mercury into the 
tube, and I oblcrved the refpedtive diminutions of 
ipace which the gas fuffered from the encreafed com- 
preflions. By comparing the fevcral obfervations 
'which I had made, I found that the fpaces occupied 
by the gas, under different preffures, were to each 
other inverfely as their refpedtive comprefling forces, 
and confequcntly that this elaftic fluid is fubjed to 
the fame law, in this refpeft, as common air is. * 

* The bulk of every permanently elaftic fluid is probably in the 
Snverfe proportion to its preflurc, with the fame beat. But as con- 
crete bodies are fubjeft to very different expanfions by equal de- 
grees of heat, fo alfo are gafes. Dr. Priejlley has made experiments 
to meafure the expanfions of feveral of thefe fluids, while the mer- 
cury of Fahrenheit ’s thermometer was expanded 10 degrees. The 
proportions of thefe expanfions to each other are exp rc fled in tbfc 
following table. 

Common air 1.32 Deflagrating air — a.si 

Inflammable gas — 2.05 Phlogifticated air — 1.65 

Nitrons gas — a. 02 Vitriolic acid gas - 2.37 

Calcareous gas — 2.20 Alkaline gas f — 4.75 

Marine acid gas — 1 • 33 

f PrhOny expreffes fomc doubt of the accuracy of his experiments coa- 
cerning alkaline gas. I'J, III. 34-. 
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CHAP. XV. 

On Fulminating Gafes. 

tao. COME gafes are fo fuddenly extricated or 
^ formed from the fubftances containing them, 
by the beat applied, or by means of the adfion of the 
parts of thefe fubftances on each other, or by the 
concurrence of both thefe caufes, that in the inftanc 
of their formation an explofion or fulminction happens. 

i?t. A gas of this kind is produced by the defla - • 

gration of nitre with inflammable fubftances. Hence 
the explofion of gun-powder, and of the fulminating 
powder compofed of nitre, fait of tartar, and flowers 
of fulphur. 

The quantity .of gas obtained from gun-powder was 
found by the experiments of Mr. Robins* to be equal 
in bulk to *44. times the bulk of the exploded gun- 
powder, when this gas is comprefled by the atmo- 
fphere and reduced to the fame heat : and as the ex- 
panfion of the air appeared, from his experiments, 
to be encreafed four times by the heat of ipon jpfl: 
beginning to be white, hp infers, that if the daftic 
fluid of gun-powder be equally affedted by heat as 
air is, its expanfive force, in the inftant of explofioq, 
is nearly a thoufand times greater than the preflure 
of the atmofphere ; a force fufiicient to produce the 
effedts of gun-powder. 

Boyle obferved that the gas of gun powder was noxi- 
ous to animals ; and Dr. Priejlley found, that the gas 
obtained by applying heat to a mixture of nitre and 
fulphur was the nitrous gas. Exper. and Obfervat. 
yoL II. p. 90. 

G 3 122. Some 

* On Principles of Gunnery. 
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122. Some metallic precipitates are capable of ful- 
minating. The preparation called fulminating gold is 
well known. The gas produced during its explofioo 
has not been examined. 

Mr. Bqyen has difcovered that various mercurial 
precipitates fulminate, when they are triturated with 
about one fixth part of flowers of fulphur, and after- 
wards heated. Of thefe precipitates the following arc 
the principal. 

a. Precipitates made by adding a fixed alkali, mild 
or caufiic , or a volatile mild alkali % or lime water, to a 
folution of mercury in nitrous acid. 

i. Precipitates made by adding fixed alkalies mild 
or caufiic, or lime-water , to a folution of corrofive j. ul- 
timate in water. 

c. A precipitate or mercurial calx prepared by 
digefting, in a fand-bath, turbitb mineral , with a fo- 
lution of fixed alkali in water, till the precipitate be- 
came red. 

Mr. Bayen remarks, that no detonation was produced 
by mixing thefe precipitates with powdered charcoal, 
and applying heat to the mixture j and alfo, that the 
detonation, by means of fulphur, was obferved to be lb 
much the ftrongcr,as the precipitates were moredepriv- 
ed of their acid. Thus the precipitate from the folution 
of mercury in nitrous acid, by means of volatile alkali, 
detonated very weakly, till it had been previoufly de- 
prived of much of its adhering acid by calcination : j 
and no detonation was produced by the precipitato 
which had been made by adding volatile alkali to a fo- 
lution of corrofive fublimate in water j for it appeared, 
upon expofing this precipitate to a fubliming heat, that j 
the whole of it was in the flate of fweet mercury, and ( 
that confequently much acid adhered to it. 

I eg. The 
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123. The detonation of nitrous and other fulminat- 
ing powders, is an efleCt too ftriking not to have en- 
gaged the attention of philofophers. Stahl maintains 
that the water of the nitre is converted into air. Mr. 
Macquer very ingenioufly conjectures that, in the ope- 
ration, a nitrous fulpbur is formed, which inflames at 
the inftant of its formation. See the article , Detona- 
tion of Nitre , of the Dictionary of Chaniflry. 

Dr. Black is of opinion, that the fulminating gold 
derives its detonating property from fome gas which 
adheres to it, and which it had received from the al- 
kaline precipitant ufed in the operation. However 
this explanation may be applicable to the fulminating 
gold* it cannot be applied to explain the fulmination 
of the mercurial precipitates of Mr. Bayen ; for fome of 
thefe were precipitated by cauftic alkalies, and by lime- 
water. Mr. Bayen thinks that the fulmination of thefe 
precipitates is the confequence of a commotion excited 
between the mercury and the fulphur at the inftant of 
the combination taking place, by which cinnabar is 
formed. And this opinion is confirmed by the heat, 
and even fpontaneous inflammation which happens 
when fulphur and crude mercury combine together. 

Whatever be the caufe which excites fuch commo- 
tions, the detonation itfelf con fills in the fudden con- 
cuifion which the air receives from the inflantaneous- 
production of an elaftic fluid expanding itfelf with great 
violence. In the notes to the firft Engtijh edition of 
the Dictionary of Chemiftry I fuggefted, at the article 
Fixable Air, that the elaftic fluid produced in the deto- 
nation of nitre was formed from the nitrous acid proba- 
bly combined with the inflammable principle, and that 
thefe are converted into the flats of gas by the violence of 
the adtion of this acid and of the inflammable matter 
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88 On fulminating Cafes. 

on each other. This opinion of the conv&Jton of nitrous 
acid into gas, by the detonation of nitre , has been fince 
confirmed and eftablifhed by late experiments, which 
ihew firft, that the gas thereby produced is principally 
that which we have deferibed under the name of nitrous 
gas ; and fecondly, that this nitrous gas is the nitrous 
acid in the ftate of gas , probably combined with in- 
flammable matter, and is again convertible into the 
liquid nitrous acid, by being mixed with air. 

The detonation likewife of Mr. Eayens mercurial 
precipitates is occnfioned by the production of an 
elaftic fluid ; and 1 think that this fluid alfo proceeds 
from the convention of fome adhering portion of the 
acid, in which the mercury had been dififolvcd, into 
the ftate of gas, (together probably with fome of the 
phlogifton of the metal or fulphur) by means of the 
violent heat and motion excited between the mercury 
and the fulphur in the ad of combination, while the 
mercury is forced from its union with the adhe ring acid. 
For it appears, both from Mr. Even's experiments, 
and from the analogy of other precipitations, that 
fome acid always adheres to the precipitate *, and pro- 
bably alfo lome of the alkaline or earthy precipitant. 
It is true indeed, that w hen much acid adheres, the 
fulmination does not happen, as Mr. Bayen remarks. 
The reafon of which may be, that the combination 
between the mercury and lulphur is. by this abundant 
acid fo prevented or retarded, that the heat and mo- 
tion requifite to eftedt the conyerfion of acid into gas 
are not produced. 

It appears furl her, from Mr. Bayen s experiments, 
that not only the nitrous acid but alfo the marine acid \$ 
capable of detonation, and, according to the above con- 
jectures, of being converted into gas . 

CHAP. 
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CHAP. XVI. 

Conjectures and Speculations concerning the Theory of 

Cafes. 

124. TT 7 E daily fee the fame bodies affume very 
VV different appearances or dates, under dif- 
ferent circumftances; and of fuch changes, no in- 
stance* can be adduced more curious and furprizing 
than thofe which we have defcribed concerning the 
formation of the various kinds of permanently elaftic 
fluids. We have feen that folid, hard, and denfe 
bodies lofe at once their coheiion, acquire a repelling 
force, and fuddenly expand into a fpace many hun- 
dred or thoufand times greater than that which they 
before occupied ; forming rare, invifible, elaflic fluids. 
We have alfo feen that the moil expanflve fluids can 
be again reltored to a concrete ftate, and may conduce 
to the formation of very hard and folid bodies. 

To explain thefe changes, exceeds, I fear, the limits 
of our prefent phyfical knowledge. Conjectures how- 
ever may be admitted 5 which, as they arc not intended 
to decide, do not eftablifh or confirm errors, but may 
be ufeful, by fuggefiing certain queflions to be afcer- 
tained by future experiments. With this view then 
only we proceed to the following fpeculations. 

125. Many well known faCts fhew, that matter is 
endowed with two contrary qualities, an attractive and 
a repulfive power , of which fometimes one, and fome- 
times the other exerts itfelf in different circumftances. 
Natural philofophers have obfervcd, that the parti- 
cles of bodies sttratt each other within certain dif- 
tances ; and that, when they are placed beyond the 
iphereof each other’s attraction, th£y begin to exert a 
repulfive power. In order therefore to change a co- 
hering 
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hering concrete body into a repelling fluid or gas, k 
it not fufficient that the particles of that body be it- 
moved to a diftance from each other, greater than the 
fphere of their attra&ion, that their repulfive force 
may begin to adtf? 

• May not beat , which is known to expand all bo- 
dies, remove their particles to fuch diftances from 
each other, that their attraction lhall ceafe, and 
their repulfion commence ? And is not this the mode 
of aftion by which heat raifes water, mercury, and 
other volatile bodies, into elaftic vapours ; fome of 
which by cold are again brought within the fphere of 
each other’s attraction, and are condenfed ; while 
others, poffeffed of a ftronger repulfive power, remain 
in an expanded flate, forming fome of the permanent- 
elaftic fluids, called gafes. 

126. May not alfo a violent motion or quick vibration, 
excited among the minute particles of bodies, occa- 

fion 

■f Thus Sir Ifaac Ntiuttn fays, ( Optics , J§*rr. 31.) "Asia 
" algebra, where affirmative quantities vaniffi and ceafe, there 
44 negative ones begin ; fo in mechanics, where ettraSin ceafe*, 
“ there a repulfive virtue ought to fucceed. And that there is fuch 
44 a virtue, feems to follow from the reflections and inflections of the 
“ rays of light. For the rays are expelled by bodies in both 
44 thefe cafes, without the immediate contaCt of the reflecting or 
44 ineffeCting body. It feems alfo to follow from the emiffion of 
" light ; the ray fo foon as it is fhalcen off from a (hiding body by 
" the vibrating motion of the parts df the body, and gets beyond 
4 ‘ the reach of attraction, being driven away with exceeding great 
“ velocity. For that force, which it fufficient to turn it back in 
“ reflection, may be fufficient to emit it. It feems aho to follow flea 
** the production of air and vapour. The particles when they are 
4< lhaken off from bodies by heat, or fermentation, fo foon a they 
44 are beyond the reach of the attraction of the body, recedhtg 
44 from ir, and alfo from one another with great ftroogth, and 
44 keeping at a diftance, fo as fometimes to take up above a nil- 
“ lion of times more fpace than they did before in die form of < 
44 denfe body.” 
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Con a fimilar reparation of thefe particles, and a con- 
sequent change from a concrete to a rtpclling ftate ? 
Thus the particles of fire and light are fuppofed by 
Sir Jfaac Newton to be thrown off from ignited or lu- 
minous bodies, by the motion and vibration of their 
parts. May not alfo the violent intcftine motion ex- 
cited in the particles of bodies, during their decompofi - 
/:>» and folution by menjlruums, as of metals by acid* j 
and alfo of bodies undergoing the vinous, putrefaftive, 
or other fermentations , produce in the fame manner the 
gafes which are known to be formed in thefe feveral 
Operations ? For when any two united particles are 
torn afunder, by the fuperior attraction or affinity of 
a menftruum, or folvent, mull they not, at the inftant 
of feparation, recede from each other with a force 
equal to that with which their disjunction was re- 
filled ; in the feme manner, as the two parts of a cord, 
firetched till it breaks, recoil towards the oppoGte 
points of tenfion ? And the effects of the violent repa- 
rations of the particles of bodies, which occur in che- 
mical decompofitions, folutions, and fermentations, 
will appear very great, when we confider the mimite- 
nefs of the particles engaged in thefe operations, and 
how much the activity, or force of the attraction and 
repulfion of bodies, depends on the minutenefs of their 
fize. For it is known, that the attraction of any two 
bodies to each other, encreafes as the diftance between 
them decreafes, in fome high ratio •, and as the pit- 
tance at which all the particles of any body can ex- 
ert their attractive power upon any other contiguous 
body, may be fuppofed equal to the femi-diameter of 
the attracting body* therefore the particles of large 
bodies muft exert that power at a greater diflance than 
thofe of finaller bodies, and canfequeatly the attrac- 
tive 
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tive force of large bodies mult be lefs than that of 
fmaller bodies, relatively to the quantity of matter 
contained in each. 

127. Somebodies are more difpofed than others to 
l?e changed from a concrete to an elaftic ftate. Thofe 
which cohere with leaflt force, will moll eafily have 
their particles thrown out of the fphere of each other’s 
attraction. And this feems to be the cafe with all 
thofe bodies which are called volatile , as water, Ipiric 
of wine, and ether. And is not even the evaporation 
of cold water, and of fome other volatile liquids, ef- 
pecially in vacuo, occafioned by fome of the particles, 
at the .furfaces of thefe liquids, where they are not 
\ compreffed by other particles, being thrown by the 
agitation, which generally prevails in fluid bodies, to 
fuch diftances, that their repulfive force can begin to 
exert itlelf*? 

Thole bodies which are eafily expanded to an elaftic 
ftate, are alfo eafily reducible to their former ftate, and 
are generally condenfable by cold into bodies of the 
fame fpccies, as they were of before their volatilization. 
For, as their cohefive power is weak, fo alfo is their 
repulfive power •, and therefore cold, which approxi- 
mates the particles of bodies, is capable of bringing 
them again within the fphere of each other’s attraction. 

But bodies, on the other hand, whofe parts cohere 
ftrongly, and which, therefore, cannot be disjoined 
without violent efforts, fuch as thofe which produce 
the folutionand decompofition of bodies, whether by 

heat, 

* Some philofophcrs hare attributed the rife of exhalations and 
of vapours 10 the diflblving power of air, exerted upon the moif* 
ture on the furface of the earth. But although this caufe may con* 
cur, it does not folely or principally produce this effeft ; for water 
is known to evaporate not only in air, but aUo in vacuo. 
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hear, by acid menftruums, or by fermentations, form 
elaftic fluids, whofe repulfive power is ftronger, and 
'which cannot be fcondenfed merely by cold. The vi- 
olence of the effort employed in thefe operations, ap- 
pears from the heat with which they are accompanied. 
Prom fuch bodies, therefore, are chiefly formed the 
nncondenfable fluids, called Gafes +. 

128. Of all the concrete bodies which we know, 
none poffeffes fo ftrong and general an attractive power 
as acids do ; for they are known to unite and com- 
bine with water, oils, earths, and metals. Nor do per- 
haps any bodies refill their aCtion, excepting thofe 
compounds which are already faturated with acid, as 
fulphur is. When we confider the great activity qf 
acids, and alfo how much the activity of bodies de- 
pends on the minutenefs of their particles, does it not 
feem probable, that the particles of acids are very mi- 
nute, and that to this minutenefs of fize, thefe bodies 
owe their ftrong attractive diffolving power ? 

129. There is another body which never appears t6 
us in a concrete ftate, unlefs when combined with 
other fubftances, but which feems ftrongly difpofcd 
to unite with every other clafs of bodies, excepting, 

perhaps, 

•f “ The particles of fluids which do not cohere too ftrongly, 

and are of fuch a fmallnefs as renders them moft fufceptible of 
•* thefe agitations which keep liquors in a fluor.are moll eaiily fe- 
“ panned and rarefied into vapour, and in the language of chemifta 
“ are volatile, rarefying with an eafy heat, and condenfing with 
“ cold. But thofe which are grofler, and fo lefa fufceptible of agi- 
** tation, or cohere by a ftronger attraction, are not feparated 
** without a ftronger heat, or perhaps not without fermentation. 
" And. thefe laft are the bodies which the chemifts call fixed, and 
“ being rarefied by fermentation, become true permanent air. 
** Thofe particles receding from one another with the greateft force, 
“ and being moft difficultly brought together, which upon contact 
“ cohere moft ftrongly.” Ncwtea’s Optics, 4 J utr . 31. 
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perhaps, water, with which it does not feem ta be 
capable of combining, but by the intervention o i 
acids. This is the matter of light \ thofe minute par- 
tides which have been repelled from the furfacc of 
the fun, and other ignited bodies ; and are abforbed 
and combined with acids, and earths, forming the va- 
rious combullible matters, vegetable, animal, and 
mineral * •* . 

Thefe matters it endows with the property of in- 
flammability, and hence it is called by chemiflsi 
l'blo'ijlon. 

Now the amazing tenuity of the matter of light is 
well known ; and from this property perhaps arifes its 
extreme fufeeptibility of that motion on which heat 
depends, and the violence with which it combines 
with thole fubflances which it mofl flrongly attracts. 
From this fufeeptibility of motion, muft not the par- 
ticles of the matter of light be peculiarly difpofed 
to be agitated and thrown from the fphere of each 
other’s attraction, and to exert the repulfive faculty ? 
Accordingly, not only light itfelf pollefies eminently 
this repulfive faculty, but all'o the fubilances with 
which this matter is combined are thereby rendered 
more volatile, as numberlefs chemical fa£ts demon- 
flrate. 

As therefore the matter of light is flrongly difpofed 
to become volatile, and to exert its repellent force; 
and as it imparts more or lefs of this property to the 
various fubilances with which it is capable of combin- 
ing, it feems particularly adapted to form elaftic 

fluids* 

* “ Are not "'■efi lodlcs and Vgbt convertible into one another, 

•* and may not bodies receive much of their ailivity from the par- 
•• tides of light which enter their compofition ?” Ntzvion’t Optics^ 
2 >ycr. 30. 
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fluids. Accordingly, it may be doubted whether, in 
each of the above-defcribed gafes, fome portion of 
phlogifton does not enter. But fcarcely any fubftanqe 
is fo much difpofed to unite with phlogifton as acids 
are t and as thefe are endowed with fo ftrong an At- 
tractive power, they are probably pofiefled of an 
equally ftrong repellent power, when they happen 
to be thrown into an elaftic ftate, and confequently 
are very capable of being converted together with 
phlogifton into permanent gafes. Accordingly we 
Ihall find, upon examination of the preceding hiftgry 
of thefe fluids, that in the formation of moft of them* 
an acid and phlogifton enter into the compofition of 
the fubftances employed. 

Phlogifton is alfo much difpofed to unite with al- 
kaline and other earths, efpecially thofe that are me- 
tallic. And accordingly, among the fluids above de- 
scribed, a few will be found which feem to coniift 
principally, if not folely, of phlogifton and fome 
portion of earth. 

-As water is powerfully attracted by acids, and 19 
itfelf difpofed to afltime an elaftic ftate, (though not 
permanent) it may alfo enter into the compoiition of 
thefe fluids, and thus acquire, by means of the other 
compooent parts, a permanent elafticity. 

130. From thefe fubftances, then, phlogifton, and 
acids, together with fome portion of earth or of water, 
may not the feveral gafes defcribed in the preceding 
pages be compounded ? To enable us to refolve this 
queftion, let us take a furvey of thefe fluids : but it 
may be proper previoufly to obviate an objection 
which will readily occur, viz. that fo many fluids, fo 
different in their properties, fhoold confift of fo few 
and the lame elements. 

Firft, 
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Firft, it may be remarked, that a great varietv of 
compounds might arife from the difference of the 
kinds of acids and of earths employed in the procefies 
for producing gafes. T hus by the fame procefs, by 
varying the acid, may be produced, marine acid gas, 
vitriolic acid gas, or nitrous acid gas. 

Secondly, this variety may, and does principally 
proceed from the diverfity in the mode of combination. 
For if any two bodies, A and B, are capable of Unit- 
ing and combining together chemically, there art 
two modes in which they can combine ; the one in 
which A predominates, and the other in which B pre- 
dominates. Thus air unites with, and difl'olves a cer- 
tain portion of water, (fee 8.) and thus a compound 
is formed, in which air predominates. But water is 
alfo known to dilTolve a certain portion of air, (fee §. 9.) 
and a compound is thus formed, in which water pre* 
dominates. 1'hus alfo ether diifolves a certain deter- 
minate proportion of water, forming a compound in 
which the ether predominates ; and water dilTolves I 
certain determinate proportion of ether, forming a 
compound in which the water predominates* Accord- 
ingly, if more water be added to any quantity of ether, 
than this quantity of ether can difiolve, (but not 10 
much as to be able to form the whole ether into the 
compound in which water predominates) two diflinft 
compounds will be formed, one floating upon the 
other, in one of which the ether predominates, and 
in*the other the water predominates ; and there will 
not be befides any other compound or mixture con- 
fiding of other proportions of thefe liquids. Thus 
too quicklime and water combine in two different 
modes, forming flaked lime , and lime-water ; in the 
former of which the lime, and in the latter the water, 

predo- 
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predominates. All faline fubftances unite with water, 
either in a folid cryftallized {late, or in the ilate of a. 
folution ; in the former cafe, the faline fubftance, and 
in the latter, the water, being predominant; The two 
modes in which vitriolic acid and mercury combine, 
appear in the vitriol of mercury and in iurbith mineral j 
in the former of which compounds the acid, and in 
the latter, the mercury predominates. The double 
mode of combination frequently appears in metallic 
allays, in which, although the component parts are 
diffufed through each other in different proportions by" 
violent heat, yet, when they are kept long in fufion 
With the lead requifite heat, the precipitations and re- 
parations which take place, indicate the difpofition to 
form differently proportioned compounds. . Many 
more inftarices {night be adduced to {hew the different 
modes in which bodies that have a chemical affinity 
to each other are capable of combining i and indeed 
fo many inflances occur, that 1 am inclined, to 
believe that it may be cdnfidered as a general rule, 
and a rule of the firft importance, in the explanation 
of chemical phenomena* 

When a greater number of elements Of corhponehE 
parts than two unite together in the formation of a 
compound, they are capable of more modes of com- 
bination* Thus the tiumber of modes in which three 
bodies may be combined is fix, if every combination 
that is arithmetically poffiblc could be formed into a 
chemical compound* four elements might be com- 
bined in 24 different modes ; five elements in 1 20 
different modes, and fo oft. Now although our ex- 
perience docs not lead us to believe that every com- 
bination among three or more bodies, chemically 
related to each other, which is arithmetically poffible, 

H can 
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98 Conjectures and Speculations concerning 
can a&ually take place in the forming of com- 
pounds ; yet, from the analogy of the two modes of 
combination which two elements, thus chemically 
related to each other, are capable of, as we have 
above explained, and alio from the inftances that are 
known of the various modes of combination, in which 
three or more elements are formed into different com- 
pounds, we cannot doubt that the number of modes 
docs frequently encrcafc with the number of compo- 
nent parts, although not in the full arithmetical extent. 

How much the properties of compounds, confiding 
of the fame component parts, are affe&ed by the diffe- 
rent modes of combination, that is, how different they 
are, is too obvious to require any proof or illuflration. 

1 3 1. We now proceed to examine the conftitution 
of the feveral permanently eladic fluids deicribed in 
the preceding chapters, all which may be compre- 
hended under the following feven clafl'cs. 


j. Acid gafes. 

2. Alkaline gas. 

3. Inflammable safes. 

4. Calcareous gas. 


5. Nitrous gas. 

6 . Air. 

7. Pklogiflicated air. 


Of Acid Cafes. 

1 •> 2 . We have feen that the vitriolic, nitrous and 
marine acids may, when united with any inflammable 
matter, be converted by heat into thofe gafes which 
we have called acid , becaufc they feem to retain their 
acid properties, of adting upon the metallic, alkaline, 
and other fubffances, with which they combine when 
in a liquid date •, and alfo, of uniting readily with 
water, by which they are reduced to their original 
ftate of liquid acid. As thefe fluids are not con- 
denfable by the cold of the atmofphere, they have 
been cor.liJercd as gafes ; but from their eafv redudl- 

on to their former ooncr^te date, and from their retain- 
ing 
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ing their acid properties while in their expanded ftate, 
they ftrem to be of the more imperfeft kind of thofe flu- 
ids. It may be obferved* that thefe gafes are not formed 
by any violent action* inteftinemotion,ordecompofition 
of bodies ; but that they are raifed merely, as vapours 
are, by moderate heat. Do not then thefe gafes conflft 
of acids volatilized by means of water and phlogifton ? 
Does not the acid part greatly predominate over the 
phlogiftic in their compofition ; and is not the phlo-‘ 
giflon in a very imperfect ftate of combination with 
the acid, becaufe this acid is united with much water, 
and becaufe water does not eafily combine with phlo- 
gifton ? And do not the acid properties of thefe gafes 
depend on this imperfedt combination with phlogifton, 
and on the predominancy of acid in their compofition* ? 

. . Of Alkaline Gas * 

133. The elaftic vapour raifed by heat from volatile 
alkali was found to be not condenfable by the cold of 
the atmofphere j and it has been defcribed, as the 
abovementioned acid vapours have, under the name 
0 i gas. But it may be obferved of both acid and al- 
haline vapours, that if upon further examination they 
be found not condenfable by any cold which we can 
apply to them, and be therefore properly eompre- 

H 2 hended 

* That the vitriolic acid gas contains the fame elements as fitlphur 
Goes, appears from a fine experiment of Dr. PricJHey , an account of 
ivhich will probably be given in his fourth volume of Experiments and 
Obfervations, now preparing for the prefs, but which he has been 
plcafed to allow me 10 mention here. He expofed forae water im- 
pregnated with vitriolic acid gas to a long-continued heat in a glafs 
‘ube. hermetically fealed ! after which, he obferved that the infide 
the upper part of the tube was coated with white crystallizations, 
that were found upon examirimion to be perfeft fulpbur . In this ex- 
periment the adhefion of the principles of the gas teems to havcvbeefi 
^weakened by the water, that a pat* of them feparated and formed 
new compound. 
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h ended under the definition of gas given in chap. I. 
they muft be allowed to be of the molt imperfedt kind 
of permanently elaftic fluids. For neither the acid nor 
alkaline elaflic fluids can be confidered as compounds 
formed, during their expanfion into an elaftic ftate, 
from decomposed and violently feparated parts; but as 
merely the disjoined parts of the bodies, from which 
they are railed, retaining, while in their elaftic ftate, 
the properties of thefe bodies ; and capable of being 
reduced, when condenfed by water, into concretes, or 
bodies fimilar to thofc from which they were formed. 

Of Inflammable Cafes . 

134. We have fecn that inflammable gafes are formed 
from the vitriolic or marine acids adting on iron, zinc, 
or tin ; from marine acid gas adling upon thele me- 
tals, or up >n almoft any inflammable l'ubflance ; from 
many inflammable compounds, by means of heat, as 
from coals, vegetable anti animal fubftances, during 
the decompofition of thefe compounds; and from ani- 
mal or vegetable matters undergoing the putrefactive 
fermentation. 

In the abovementioned different kinds of inflamma- 
ble gas, we may perceive that acids and inflammable 
matter are the principal ingredients, not only in the 
metallic folutions, in which the acid unites with the | 
phlogilton of the metals, but alfo in the vegetable 
and animal matters, by the analyfis, or by the putre- 
faction of which, inflammable gafes are produced. 
For in thefe matters, the vegetable and animal acids 
abound; and from their inflammability, it appears 
that the acids are combined with phlogifton. The 
converfiorj of the marine acid gas into inflammable 
gas, by the adion of that acid fluid on phlogiftic 
fubftances, fuflkicntly lhews that an acid enters into j 

the I 
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the compofition of this inflammable gas. The in- 
flammability alfo of the difengaged gas of hepar of 
fulphur can fcarcely be fuppofed to arife from any 
other matter than phlogifton and acid. 

Other kinds of inflammable gas have been deicrib- 
ed,' in the production of which no acid is employed ; 
fucb are the gafes formed from metals merely by heat, 
or, by means of alkalies. Thefe inflammable gales 
feem to confift of the fame component parts as the 
metals themfelves, that is, of phlogifton and earth 
in different proportions. In metals the earth predo- 
minates, but in this inflammable gas, the phlogifton 
predominates. And that the phlogifton in thefe in- 
flammable gafes is not pure and uncombined, may be 
inferred from its hot being feized upon by the air as 
foon as they come into contact with this fluid ; where- 
as heat, and even ignition, is neceffary for the de- 
compofltion of thefe, as of other inflammable com- 
pounds. Are not all the inflammable bodies that we 
know, whether in a concrete or expanded ftate, com- 
pounds of phlogifton, united either with acids, or 
with earths ; with this difference only, that the in- 
flammable concretes, fuch as fulphur, oils, bitumens, 
and metals, are compounds in which the acid or earth 
predominates over the phlogiflonj and the inflamma- 
ble gafes are compounds in which the phlogifton pre- 
dominates over the acid or earth. 

We have remarked, (§. 127.) that the mod perfect 
gafes are formed by a violent fcparation of parts. 
Now, in all the modes of forming inflammable gas, 
the fubflanccs are diflolved or dccompofed, and their 
parts violently tom afunder. The inflammability alfo 
of this gas is greater, when the heat is fuddcnly 
applied, or when the folution proceeds with violence. 

H 3 And 
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And accordingly, the properties of this gas indicate it 
to be of the mod perfect kind ; for, it is the rareft, 
and the mod immifcible with water, of anv known 
gafes. Thefe properties probably proceed from the 
phlogifton which feems to abound in this gas. 

Iron, zinc, and tin, are the metals from which in- 
flammable gafes are moll eafily produced : and the 
reafon feems to be, that thefe metals, when diflblved 
by acids, do mod eafily part with their phlogifton, as 
chemifts have often obferved. 

Of Hitrous Gas. 

1 35. We have feen that inflammable gafes have 
been formed by means of the vitriolic, the marine, 
the vegetable, and the animal acids. But no method 
has been yet difeovered of making a perfect inflam- 
mable gas, by means of the nitrous acid ; although 
we have feen fome approaches towards it, jst- 

vcrthelefs, the nifrous gas, deferibed in chap.V. feems 
to be fomewhat analogous in its coiupofition to ic- 
flammable gas, For it }s formed from an acid aiding 
upon metallic and phlogiftic fubltances ; and the 
combination of phlogifton with the acid feems to be 
fo intimate, that it fuppreftes the peculiar qualities a : 

the 

* Since the above was fent to the prefs, Dr. PrirJUey has beraf> 
obliging as to communicate a very curious experiment which hs 
has lately made. He put a pot containing a mixture of tron-fili»g» 
and fulphur into a jar filled with nitrous gas, and he obferved, tha 
after the gas had fulfered the great diminution mentioned in §• 
it encreal’ed in hulk, and became ftrong inf.atr.rrablt gai. It retained 
its properties of nitrous gas till it was diminilhed to left than om 
third. Then it admitted a candle to burn in it with an eobTg« 
flame; after which, it acquired the properties of pbUgijliiatri v* 
and lailly it became, as we have f.iid, rtrongly infiammalU. Do 1*1 
this, and the many other extraordinary inflanccs of converfcOD <• 
one gas into others, ihctv that they contain the fame compel 
parti differently propo; tioned atiij combined ? 
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the acid ; for this gas does not aCl as an acid upon 
metals or other fubftances ; neither does it very rea- 
dily mix with water, without the contact of air ; and 
even when abforbed by water, it does not communi-r 
cate its acid qualities to the liquid, till the water has 
been expofed to air, which decompofes the gas, and 
difcngages its acid, as Mr. Bewley has well obferved. 
The phlogifton however, in this gas, does not feetn to 
be fo perfeCUy combined, as it is in the inflammable 
gales, for the following reafons : 1. This gas is con- 
fideraHy denfer, being as heavy as common air is* ; 
whereas inflammable gas is greatly lighter. 2. It 
mixes more readily with water than inflammable gas 
does. 3. It parts with its phlogifton more eafily ; 
for, no fooner does air come in contact with this ni- 
trous gas, than the phlogifton feems to pafs from 
the latter to the former; and the acid thus deprived 
of the fubftance to which it owed its elaftic ftate, is 
changed into a liquid concrete, or fpirit of nitre. 
Although therefore nitrous gas cannot be inflamed, 
it appears to undergo a procefs fimilar to that of in- 
flammation, namely, a feparation of its phlogifton 
by means of air ; and the difference feems to be, that 
the phlogifton is fo firmly combined in the inflam- 
mable gafes, that it cannot be feparated from its acid 
by the fuperior attraction of the acid of the air, till 
its activity has been encreafcd by ignition ; whereas, 
it is fo much Jefs perfectly combined with the acid in 
the nitrous gas, that it is feparated immediately upon 
mixture with air. 

From thefe reafons, I am inclined to think that a 
portion of water enters into the compofition of this 
gas, and prevents fuch an intimacy of combination of 

H 4 the 

* Exjxrimems aaA Obfervatiwu, vol. I. p. 1 19. 
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the acid with the phlogifton, as takes place in inflam- 
mable gales. And that water enters into the cotnpo- 
fition of this gas, is further rendered probable, from 
fhe copious production of nitrous gas, when the nitrous 
acid vapour aCts upon water. See Cbap. Fill. 99. 

If this conjefture be juft, the nitrous gas feems 
to be in an intermediate ftate between .the acid and 
the inflammable gafes. 

Of Calcareous Gas. 

136. All thofe gafes which pccafion a precipitation 
in lime water x have been generally comprehended un- 
der one clafs, and diflinguiflied by the pame of Faced 
/Hr. We have feen tj>at they are produced from many 
different tpaterials : 1, From calcareous, and from 
alkaline fubftances, by acids, or by fire : a. prom 
the combuftion of any animal or vegetable matters, 
or from their decompofition by heat, pr by concen- 
trated acids : 3. Frorp animal and vegetable matters 
undergoing the vinous and other fermentations ; 
4. Front metallic calxes by reduction, and fometune* 
merely by heat, as from minium : 5. From fane 
metallic and other falts, as green vitriol, by fire: 
6. From air dccompofed by eledtricity : 7. From die 
deflagration of nitre, and in the various propefles in 
which the uitrous acid is ufed to produce gafes: 
8. From l'ubterranean pits and caverns : 9. From W- 
neral waters ; and probably, t}vcy may be obtained 
from many other fubftances. 

Perhaps, in all thel'e gafes, the fame mode of 
combination prevails, although the acids which 
enter into their compofition be different. From the 
above enumeration of the various modes of pro- 
duction, almoft any acid feems capable of affirming 
this ftate. l)ut the animal and vegetable acids ap- 
pear 
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fgar to be peculiarly difpofed to form this gas. Bor, 
we find from the experiments of Dr. Balts, chat a very 
large proportion of the vegetable eflfential falts, as: 
tartar, were converted into a gas of this kind ; when 
thefe (aline fubftanccs were decompofed by fire. In 
this operation, the acid difappears, and a gas is pro- 
duced. For no gas exifts in the tartar, or other ve- 
getable body, till it be decompofed *, the gas being z> 
peculiar compound formed, during the decompofition 
of the vegetable matters, by fire, or by fermentation. 
Thus when tartar is united with fixed alkali, as in 
making Rochelle fait, the alkali, if cauftic, is not 
rendered mild; and, on the contrary, if mild, its gas 
will be expelled by the tartar, as it would by any other 
acid; • But, if this compound of tartar and cauftic al- 
kali, in which no gas exifts, be burnt, the alkali re- 
maining will be mild and effervefcerit; for the acid 
of the tartar being decompofed by the fire, and formed 
into a gas, a part of it will unite with the alkaline re- 
siduum. And if foap , which confifls of cauftic alkali 
and oil, be burnt, the alkali will be rendered mild, 
by the gas formed from the acid, which is known to 
be a conftituent part of oil. Alfo,. if nitre be defla-r 
grated with any animal or vegetable matter, , the alkar 
|ine bafis of the nitre, which is not united with ga's 
while combined with the nitrous acid, will, after the 
deflagration, be found to be united with gasj that 
is, rendered mild ; whereas, if nitre be deflagrated 
with zinc or tin, which metals contain no acid capa- 
ble of conyerflon into gas, the alkaline refiduum will 
be cauftjc f* The 

f The produdlion of a mild alkali by deflagration of nitre with 
charcoal, and of a cauftic alkali by deflagration of nitre with fil- 
ings of zinc, or of iron, has been alfo noticed by Mr. Jlczvicjr. 
ytfpertdi* tQ Prifflky s third <voL of Exper . and Objirv* j* 3S7. 
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The exiltence of an acid, as a principal conftituent, 
and even as the predominant part of this gas, is indi- 
cated by fcveral of its properties. For it a&s upon, 
and diffolves feveral earthy and metallic fubltances ; 
it unites with alkalies and calcareous earths, and it 
effeCts their cryftallization,' as other acids do ; it may 
bedifengagedfrom thefe alkaline lubftances by ftrong- 
er acids ; it has been found to change the blue colour 
of the juices of tumfole, of litmus, and of cyanus, to 
red * ; and it gives an acid tafte to the water which 
it impregnates. 

The acid quality, however, of this gas, is very weak, 
being probably counteracted by the other principles, 
as earth, or phlogifton, which in many inftances are 
known to iefien or deftroy the activity of acids f. 

Of Air. 

137. Of all the gates, air being of the greatelt im- 
portance to us, has been moil attentively examined by 
philofophers ; a knowledge, however, of its conllitu- 
tion, and of the mode of operation, by which its lingu- 
lar efleCts are produced, has neverthelefs eluded their 
inquiries. The exiilence of an acid, and even of the 
nitrous acid in air, has indeed been fufpeCted, chiefly, 
from the ncceffity of air towards the formation of nitre, 

and 

* Dr. Pritjile/i Exper. and Obf. vol. I. 3 1 . and Appendix ta 
vol. II. by Mr. Bnuiry. 

f Signor Fontana, in a treatife entitled, Ricercbe Fi/tcbt/tfrt 
F At ia Jijpt, attributes the acidity of the gas extracted from cal- 
fareous fubftances by means of oil of vitriol, to the acid employed, 
tvhich he thinks may be diflblved in this gas, as water is diftolved 
in air, fo intimately, that neither water nor alkali can fcparate this 
acid ; and he thinks, that to this volatilized and combined vitriolie 
acid, the fixed air owe3 its medicinal qualities, the acid being thus 
rendered more efficacious than in its proper uncombined ftate. And 
alio Signor I.ant/nani, in his Rictnbe Fifiibc interna alio Jalabrit* 
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and from the analogous effects of nitre, and of air, in 
promoting inflammation. But, no experiments have 
been ever adduced to give fuch folidity to this conjec- 
ture, as thofe of Dr. Priejlley , which (hew that a fluid 
refembling air in all its known properties, and even 
poflefling the peculiar properties of air in a much more 
eminent degree than the atmofpherical air itfelf does, 
may be produced from nitrous acid mixed with almoft 
any unphlogiflicated earth. 

Neverthelefs we cannot, with certainty, infer, that 
the nitrous is the foie acid capable of forming fluids 
pofleffed of the properties of air, and confequently that 
the atmofpherical fluid does certainly contain in its 
fompofition fome of that acid. For a very ftrong re- 
fcmblance, between two compounds, may arife from 
the fimilarity of the combination, although a com- 
ponent part of one compound may be of a different 
fpecies from the analogous component part in the 
other compound. Thus we have fecn, that infiain* 
triable gales fimilar in their properties, fo far as we 
have examined them, are formed from very different 
acids, the vitriolic, marine, and others *, and we have 
alfo fecn, that thofe gafes, which, from their flmila- 
jrity of properties, have been confidered as being of 

the 

id? Aria, maintains, that the acidity of this gas proceeds from the 
acid employed in the operation of extricating it, and that when 
this gas is mixed with vapour or volatile alkaii, an ammoniac*! 
fait will be formed, which will be found to be a vitriolic ammoniac, 
if the acid employed had been the vitriolic, and a deflagrating nU 
trous ammoniac, if nitrous acid had been employed. Mr. 
in the Appendix to Dr. Pritft'ny ' s fccond volume of Experiments 
and Observations, very well defends the opinion of the iotrinlic 
acidity of this gas, and fljews that the fame indications of acidity 
ate exhibited by gafes extricated from volatile alkali and from mag- 
pelia, by beat, and without intervention of any foreign acid. 
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the feme kind, and comprehended under tbe feme 
y&vnz, fixed air, or calcareous gas, are fimilar compounds, 
formed from very different fubftances, and probably 
Containing in their compofition very different adds. 
The(e confiderations prevented me, in the firft Edition 
of this Treatife,from admitting the certainty of the ni- 
trous acid being, a neceffary condiment part of the 
atmofpherical Quid, although it was allowed that the 
production of one fpccies of factitious air, by means 
of that acid, with various u n ph logifticated earths, 
was completely afeertained by Dr. Priejtley'% expert* 
ments. The recent experiments that have been fincc 
made, and related in §. 31. fhew that a pure air may 
be obtained by means alfo of the vitriolic acid , and 
teem to leave no doubt, that Quids, poffefling all the 
known properties of the atmofpherical fluid, may be 
produced from more than one acid, and from various 
kinds of earths*. 

Whether the earths employed in the procefles for 
making factitious airs enter into the compofition of 
air, and in what proportion, are queftions which can* 
not be afeertained by the experiments hitherto made f. 

* An experiment is related by Mr. Macquer % which Teems to ftew 
that the marine acid is poflfciTed of thir vefy property which has 
been thought peculiar to nitrous acid and to air, and from which 
the analogy of thefe two fubftancea has been chiefly deduced 5 
namely, the property of maintaining combuftion. “ I introduced 

(fays that author) a lighted taper into a receiver filled with 
4< vapours of highly -concentrated marine acid, through a tubu* 
4 . 4 iated aperture. The flame of this taper, which was, before con* 
41 traded, white and almoft without (moke, now became long* 
44 pointed, yellow, and fmoking, like the flame of burning tur* 
44 pernioc. But the moft remarkable circumfiance was, that the 
41 flame fubfifled a much longer time , than when the taper was in* 
44 troduced into the fame receiver filled with pure air.” 

t Dr, Priejlky ba* made Tome experiments to afeertam the pro* 
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If thde earths are capable of being converted into 
elaftic fluids, the rcfiflance they make to this change 
renders it probable, that the fluids thus formed will be 
of the moft perfed kind, and of the moft permanent 
elafticity. See 127. The difpofition which earths have 
to unite with phlogifton has been already noticed : but 
this tendency may exert itfelf much more powerfully, 
when it is not count eraiSed by the mutual cohefiom 
of the particles to each other, by thefe being reduced 
to a fluid flare. Hence perhaps the Angular avidity with 
which air ieizes upon phlogifton in combuftion, refpi- 

ration, 

foman of nitrous acid, and of earth contained in the factious air 
made from fpirit of nitre and earth ; but be does not con fide r them 
to be dedfire. The quetHon is important, but feems difficult of 
folution. The AkU Fmetmnm maintains, that this fa&itioos air 
coofifb of fpirit of nitre only, without earth or phtagifinn ; ai*i 
hp fuppoiti' his opinion by the following experiments : He con- 
certed a given quantity of mercury into red precipitate ; and be 
expelled from this preparation as much air as he could . Then he 
arrived the mercury of the remaining precipitate, and found that 
the quantity obtained was equal to the quantity of mercury origi- 
nally employed. Dr. Priefikj has repeated the ex pe rim ent ; and 
found that these was a loft of about one eleventh pan of the em- 
ployed mercury : and Mr. d&gx&s, repeating the fame experi- 
ment, tad about one third of the mctcory. It appears then there 
mud have been tame error in the JHe * s expe rim en t s ; but the ok 
perimenu of Dr. Briefly y and of Mr. ate not applied 

hy theta ge n tl em en to ataertam the quantity pi earth m&mxttj com- 
vetted into air : neither do 1 think that, they that any earth 

enters, into the compotatan of the air ; tax m the pwiiidinm 
of air by heat, from earthy fab dances, the t*£ag air cl n rn t i a 
great deal of earth, and this earth ren d ers the air unhid, gives the 
appearance of white clouds, and at hi fobhdea. Dr. Bemjthy 
obtarres, that the air is mnfpascnt white hot, and become s turbid 
when cold ; which dews that fctne earth is in the air, 

and that cold air not beisg able to keep d u feire d to eusdhr "t 

hot sir. part of the earth that was otdbivnd while rf 
hot, ii pr-rc ; p::aTeJ by 
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ration, mixture with nitrous gas, and in all the variotfl 
phlogiftic procefles, might be attributed to the earthy 
part which is fuppofed to enter into the compofition of 
air, if the ftriking analogy between the effc&s of air 
and of nitrous acid, in feveral of thefe inftances, and 
allb the ready converfion of nitrous acid into fa&itb 
ous air, did not give a greater degree of probability 
to the opinion, that an acid is the predominant prin- 
ciple in the compofition of this fluid. Perhaps acids, 
while they are converted into air, luffer foch a change 
or decompofition, as to be deprived of the fpccific 
properties which diftinguilh the feveral kinds of acids 
from each other, while they retain only the general 
charafterof acid ; and thus the fame compound may 
be produced from different acids. But of all the 
acids, the nitrous feems to be the moft eafriy conver- 
tible to the ftate of air *♦ 

138. How* 

* The opinions which I have here maintained, that moft of the 
known gafes confift principally of acid and phlogiflon ; that the 
fluid called calcareous gas , or fixed air j is of an acid nature ; and 
that the nitrous and vegetable acids are convertible into permanent* 
iy elaftic fluids, were fuggefied in the notes which I added to the 
■firft Englijb edition of the Dictionary of Cbcmifirj , published it 
1 7 7 1 . Thus at the article Fixable Air are the following paflages 1 
” Have not the fluids, feparable from alkaline and metallic fob* 
44 fiances, fomc analogy with adds? Like acids, they readily 
M unite with, and effe& the ayftallization of thofe (alkaline) fub- 
44 fiances, As a weaker acid is extricated from thole fub fiances 
44 by a firongcry fo is this (fixable) air by all known acids. Art 
44 not the elafiic fluids produced by the deflagration of nitre; and 
44 by the combuftion or alkalization of tartar , and of other vegeta* 
44 ble acid falts, formed from the acids of thefe fubfiances com- 

44 bided with the inflammable principle*? ” 44 A permanently 

44 elaftic fluid or fixable air is produced by deflagration of nitrom 
44 escid with any inflammable fubfiance. In this operation the acid 
44 disappears, and an elafiic vapour is produced. May we net 

44 thea* 
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138. However imperfeft our knowledge of the con- 
Aitution of the atmofpherc may feem, the explanation 
of the Angular properties of the air in maintaining 
Are and the refpiration of animals, in diminilhing ni- 
trous gas, in calcining metals, and in being diminilh- 
ed by the various means already defcribed, will be 
attended with no lefs difficulty and obfcurity. The 
way to truth, however, muft be felt for, when it can- 
not be feen ; and, accordingly, we proceed in our 
conjedhires. 

We may perceive, that almoft all the chemical 
changes which happen to bodies, are the refult of de- 
compofitions, occafioned chiefly by the application of 
fubftances, whofe attra&ion to fome of the parts of 
thefe bodies is ftronger than the attra&ion of the 
parts to each other. This general obfervation has 
been applied to explain the effedts of air. It has been 
fcppofed that air, or its acid, have a ftronger attrac- 
tion to phlogifton than any other fubfian^e; and con- 

fequently, 

^thence infer, that the acid is converted by combination with 
44 fome other fubftance, probably with the inflammable matter , or 
44 by decompofinon of its own fubftance, into elaftic vapour ?” 
Fd. I. p. 36. And in a note to the article Mineral Waters, it is 
(aid ; 44 Does not the folution of calcareous earths, by fixable air, 
“ confirm a conjediure concerning the analogy of fhis vapour witlv. 
<4 acids r” FoL II. p . 838. Since the publication of that work, 
this opinion has been further confirmed by many of the new fadts 
which have been difeovered ; and the acid quality of the gas, 
called Fixed Air , has been noticed by other later writers. Thus 
M. Bergman, as Dr, Priejllcy informs us, (Ex per. and Olfervat . 
vd. /. p.31.) is induced, from the effedb of this gas on the colour 
of vegetable flowers, to conflder it a9 an acid, ami to call it the 
Aerial Acid. And Mr. William Bcvdey has added an Appendix to 
Dt. Priefllcys fecond volume, entitled, “ Experiments an<j Ob- 
44 fervations, tending to prove that Fixed Air is the Vapour of a 
€C particular Acid.” Mr. Bev'hy ciiftiuguuhes this fluid by the 
^amc of Mephitic Acid. 
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fequentlv, that, where any inflammable ignited body 
is expo fed to air, the phlogillon leaves this body, and 
unites with the air. 

The deflagration of nitre is alfo explained, by fup- 
pofing that the nitrous acid poflefles an attraction to 
the phlogillon of the inflammable body emploved, 
fitpcrior to the attraction of the parts of that body# 
And the detonation of fulminating gafes fee ms to pro- 
ceed from the fudden converfion of acid, together 
probably with fome phlogifton, into gas, as has been 
already fuggefted, §. 123. 

The calcination of metals is confidered by chcmifts 
as a flow combuftion ; and the air is fuppofed to ope- 
rate in the fame manner as in other combuftions# 

139. Various opinions have been formed concern- 
ing the mode of operation by which the refpiration of 
air is necefl'ary to the life of breathing animals. See 
Haller's Phyflology , and Experiments and ObfervationS , 
vol. HI. p. 55. Of thefe opinions, that which feenis 
moll probable is given by Dr. Priejlley , namely, that 
refpiration is a true phlogitlic procefs, in which the 
phlogillon, with which the animal fyftcm abounds, is 
dilcharged from the blood by the lungs, and com- 
bined with the relpired air. And accordingly, the aif 
which has been refpired, is found to have fullered the 
lame changes which it docs in other phlogiftic pro^ 
cefles, that is, its bulk is diminilhed, it extinguilhes 
flame, and it occafions a precipitation in lime-water, 
which Ihews that it contains fome portion of calcare- 
ous gas. He further confirms this opinion, by the 
remarkable changes which blood undergoes by ex- 
pofure to air. Mr. Hexvfon had diicovered that blood 
received a florid colour from air during its paflage 
through the lungs. See Mr. Hewfon’s Experimental 

, Inquiry 
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Inquiry into the Properties of Blood. M. Cygna had 
alfo (hewn, that a florid colour could be given to the 
under black part of the coagulum of blood, by cx- 
poling this part to air ; and that the upper furface of 
blood was black in vacuo. Mifcell. Taurin. I. 73. 
To thefe obfervations Dr. Priefiley has added others 
equally important. He found that the change pro- 
duced by air on the colour of blood, was not pre- 
vented by the interpofition of a bladder, nor of the 
ferum of blood; that blood was rendered florid in a 
more remarkable degree, by pure factitious air ; that 
blood was rendered black by inflammable, nitrous, 
and calcareous gafes, and alfo by phlogifticated air; 
that by ex poling blood to air, this fluid was thereby 
phlogifticated ; and that by expoling blood to the 
other gafes, thefe fuffered confiderable changes, the 
bulk of the nitrous gas being thereby leflened, and its 
property of being condenfed by mixture with air be- 
ing confiderably diminilhed ; the inflammable gas be- 
ing thereby made to approach fo far to the ftate of 
air, as to be capable of cfleCting a confiderable dimi- 
nution of nitrous gas ; and phlogifticated air being alfo 
rendered capable of producing fome diminution of 
nitrous gas. See Exper. and Obferv. vol. III. p. 55, &c. 

1 40. Dr. Prieftley alfo confiders the effects of mixing 
nitrous gas with air as a phlogiftic procefs, in which 
the air deprives the gas of its phlcgifton ; and he fup- 
pofes, that, in all thofe inftances where air is dimi- 
nilhed by liver of fulphur and other phlogiftic fub- 
flances, the air attracts and combines with the phlo- 
gifton of thefe fubftances, and becomes thereby phlo- 
gifticated. 

If it Ihould be afleed why the phlogifton of inflam- 
mable bodies cannot be feparated without heat, and 

I even 
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even ignition -, whereas this phlogifton may be fe* 
parated from nitrous gas, from the blood in refpira- 
tion, from liver of fulphur, and other phlogiftic bo- 
dies, merely by contact of air ; may we not anfwer, 
that, in the latter inftances, the phlogifton is but 
flightly attached, and eafily feparated •, whereas, in 
inflammable bodies, it is fo intimately combined, that 
it cannot be feparated, till the parts of thefe bodies 
have been thrown into violent agitation by heat, their 
cohefion diminiftied, the volatility and activity of the 
phlogifton encreafed, and its combination with air 
thus facilitated ? And may not the intenfc heat, flame, 
and other effects of burning bodies, proceed from the 
agitation excited among their moft active parts, from 
the violence with which they are torn afunder from 
each other, and from the rapidity with which the mi- 
nute and elaftic particles of air and phlogifton rufb 
into union •? For, in what does Beat confift, but in 
the exceedingly quick vibrations of the particles of 
burning bodies ; or light , but in the extreme rapidity 
and force with which the moft aCtive particles are 
thrown from tlie furfaces of thefe bodies ? 

If it ftiould be atked tyhy air, or, at lead, why 
the factitious air, which is produced from nitrous acid, 
ihould take phlogifton from nitrous gas, which is 
alfo formed principally from that acid ; may we 
not anfwer, that, although each of thefe fluids con- 
tain, in their compofition, nitrous acid, yet they art 
very different combinations ? For, if the nitrous gas 
contain, as has been above conjeCtured, a confider- 
able portion of water in its compofition, its attraction 
to phlogifton will be thereby fo weakened, that ail 
may be able to deprive it of this effential part to its 
claftic ftate •» while the other parts in the compofition 

of 
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of this nitrous gas, the acid and the water, (hall be con- 
denftd and reduced to the ftate of liquid nitrous acid. 

M. Lavoifter is of opinion, that nitrous acid is not 
a conftituent part of air, but that air is a conftitucnc 
part of nitrous acid, and that the nitrous acid, formed 
upon mixing nitrous gas with air, is compofcd of both 
thefe fluids united together, and therefore that the 
nitrous gas does not contain the nitrous acid, but only 
a lubftance proper to form it, by combining with air. 

Whence proceeds the heat that is obferved upon 
the mixture of nitrous gas with air ? May it not be 
a neceffary confcquence of the condenfation which 
inftantly happens upon the mixture of thefe two fluids? 
For, is it not an univerfal rule, that cold is pro- 
duced by the expanfion of bodies into a rarer ftate ; 
and heat by their condenfation ? Hence the cold pro- 
duced during the evaporation of fluids, and during 
the rarefaction of air, by means of the air-pump •, 
and hence the heat which is communicated by va- 
pours during their condenfation, which has been ob- 
ferved to be much greater than can be communicated 
by an equal quantity of any concrete matter heated 
to the fame temperature. 

Hence alfo the heat that is obferved to accompany 
fogSy which are nothing but condcnfcd vapours. Are 
not the other diminutions of air, and condcnfations 
ol elaftic fluids, alfo accompanied with heat * ? 

I 2 141. The 

* Heat it generally produced, while two fubftanccs combine, 
and their combination is accompanied with condenfation ; that is, 
when the new compound occupies lets fpace than its conftitucnc 
parts did before their union. But the combination of phlogifton 
with air is always accompanied with condenfation, as appears fmm 
the diminution of the air in all phlogiftic procefles. May not then 
the heat produced by the union of air with phlogift n in the lungs 
of animals, during their refpiration, be one caufc of er.'mal has? 
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1 41. The alteration produced in air, by the pblogifiit 
procejfes, is very remarkable. Air, by this phlogifti- 
cation, feems to be converted into two diftir.d com- 
pounds, pblogifiicated air, and calcareous gas, both 
which are very different in their properties from air. 
While the phlogifton unites with that part of air to 
which it feems to be moft difpofed, and forms with it 
the new compound pblogifiicated air ; the other parts 
of air, lefs difpofed to unite with phlogifton, are pre- 
cipitated, forming another compound, which, from 
its property of occafioning a precipitation in lime- 
water, appears to be the fluid deferibed under the 
name of calcareous gas. We might fufpeCt that this 
gas proceeded from the burning body, or fubftances, 
on which the air exerts its adfion, if we did not know 
that the fame gas was produced when air is decom- 
pofed by electrical fparks paffing through it. 

Whether this gas be precipitated from air ; or be 
a compound formed from the decompofed parts of 
the burning fubflancc ; or, laftly, whether fome gas 
of this kind may not proceed from both thefe caufes; 
we neverthelefs can fcarcely doubt that fome part of 
the air is feparaced, fixed and combined with the 
burning fubftance. This opinion is confirmed by 
the following experiment of M. Lavoifier . 

He burnt fome phofphorus under a bell, the inner 
furface of which was moiftened with diftilled water. 
The quantity of phofphorus employed was 18C grains. 
Of this quantity thirty-two grains remained uncon- 
iumed i and therefore 1 54 grains were aCtualty burnt. 
'The vapours of the phofphoric acid being condenlld 
by means of the water, with which the bell was moift- 
ened, were colle<fted and weighed in a narrow-necked 
veflel ; by which means he found, that the weight of 

the 
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the acid liquor exceeded the weight of an equal bulk, 
of diftilled water 243 j grains, which was 89 1 grama 
more than the quantity of phofphorus con fumed* 
Thefe 8gi grains could not be water attracted by 
the phoiphoric acid, for the fpecific gravity of tho 
liquor could not have been thereby encreafed ; and ho 
therefore infers, that this acceflioft of matter nouft 
have proceeded from fome part of the air abforbed 
during the combuflion. 

Jn one inllance however of air being diminUhcd, 
no calcareous gas is precipitated, namely, the calci- 
nation of metals, which is confidered as a combulli- 
on. Dr. Prieftley alledges ingenioufly, that the gas is 
formed in this as in other inftances, but is abforbed 
by the calcining metal, and that this is the part of 
air, by the abforption of which, metals acquire weight 
during their calcination. This abforption of gaa 
would be rendered more probable, by the confidera- 
tion that, during the redu&ion of metallic calxes, a 
quantity of this calcareous gas is obtained, if the ad- 
dition of inflammable matter neceflary for fuch re- 
duction did not leave fome fufpicion, that this matter 
might poflibly furnilh the gas thus produced. 

142. The weight gained by inetals during their cal- 
cination, is a faft too extraordinary not to have em- 
ployed the ingenuity of philofophers in explaining 
its cauie. Boyle and Lemery have attributed this en- 
crealc of weight to the particles of fire or flame , which 
they fuppofed were abforbed by metals during their 
calcination. Charas , a chemilt cotcmporary with 
Lemery , aferibes this effeft to the acid of the wood, or 
of the coal employed in the calcination. 

M. Venel and M. Morveau maintain, that this et> 
ceafp of weight is not occafioned by the addition ft 
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any fubftance to the metallic matter, but by depriving 
this matter of its phlogifton. For thefe philosophers 
pretend, that phlogifton is endowed with a power 
contrary to that of gravitation, namely, of receding 
from the center of the earth, and thereby of render- 
ing bodies, of which it makes a part, lighter than 
they otherwife would be. It is evident that a doc- 
trine attributing to this phlogifton (a fubftance which 
is not the object of any of our fen fes) a property dircdlly 
contrary to gravitation, which is an undoubted pro- 
perty of all thofe Jubilances that are the objedts of 
our fenles, requires to be fupported by very decifivs 
experiments, and unequivocal arguments. 

As the air is diminilhed by the calcination of metals, 
while thefe, at the fame time, gain an acceflion of 
weight, we cannot helitate to aferibe this acceftion to 
the abforption of air, or of fome part of it, as has been 
already obferved. See §. 1 3. and note fubjoined. 

Some inftanccs have been mentioned (§. 26.) of 
metallic calxes yielding pure air by means of heat. 
That this pure air has been abforbed from the atmo- 
fpliere, feems highly probable ; and as the preparation 
of minium and of calcined mercury, requires a longer 
expofure to the adtion of five and of air, than that of 
other calxes, thefe metallic matters may perhaps be 
deprived more perfectly of l'uperabundant phlogifton, 
or may ablorb a larger quantity of air than the calxes 
of other metals. Neverthelefs, we can fcarcely con- 
fider the pure air thus abforbed by minium and cal- 
cined mercury as the fubftance eflential to them as 
calxes, and to which their additional weight is princi- 
pally owing •, for minium, after it has been deprived 
by heat of all its pure air, ftill retains its calciform 
Hate, and is heavier than the lead from which it was 
produced *. 1 43. Are 

* The calx of mercury may indeed be revived or reduced by the 
heat ota furnace in dole glafs vefiels without any addition ot in- 
ilammable matto. And thus the fame operation feems to effect 
the reduction ot this calx, and the expultion of air from it; which 
would ieem to Ihtw :h .r its calciform time is occalioned merely by 
rlic prelcnce of tins air ; and accordingly Mr. Bayen has interred 

tronx 
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143. Are not metallic precipitates , combinations of 
acid and metallic earth ? And is not the revival of 
thefe precipitates effected by the combination of phlo- 
gifton with the adhering acid, forming a gas ; and 
with the metallic earth, forming the revived metal } 
J44. The production of air, by water decompofing 
or absorbing part of the calcareous and other gafes, 
25*, the precipitation of calcareous gas from air, 
by the l'everal phlogiftic procefles ; and the feveral 
in (lances above mentioned of nitrous, inflammable, 
and other gafes being fo altered by various fubftanees, 
as to lofe their fpecific characters, and to approach to 
that of air v feem to lhcw that thefe fluids contain in 
their conipofltion the fame elements, and that their 
differences arife principally from the different propor- 
tions of thefe elements, which take place in diffe- 
rent modes of combination. 

145. We may eafily perceive that many import- 
ant queftions remain to be afcertained on the fubjeCt 
of this Treatife : And although we are highly in- 
debted to the fagacity and induftry of thofe philofo- 
phers who have led us to our prefcnt (late of know- 
ledge, yet much more remains undifcovered to excite 
and recompenfe the zeal of future labourers in this 
fertile and ftill new field of fcience. 

When we fhall be able more fully to afcertain the 

con- 

from this fad, that calxes may be revived without addition of 
phlogifton, and that the theory of Stain, which makes the calcination 
of metals to confift in the depriving^thera of phlogifton, is there- 
by overthrown. But a conclufion from a fingle faa, fubverlive of 
a theory founded on the general courle of appearances, ought to 
be very cautioufly admitted. For it may be doubted, whether 
the very final l quantity of phlogifton, that may be ncceflary to 
the revival ot the calx of mercury, may not pafs through 
glafs veflcls foftened by heat. Although mercury may not be ca- 
pable of fo perfedf a calcination as the impeded metals, neverthe- 
lcfs it is fo far changed by the combined adion of air and fire, as 
to lofe not only its metallic appearance, but alfo, like other vola- 
tile metallic fubftanees, to be reudered confiderably more fixed 
when expofed to heat. It is even laid to fuftuin a fufion or nntr 7- 
ji cat- on, like other metallic calxes, when expufed to flic pure heat of 
a burning glafs. See a note of Dr. tvj, in hi* tr inflation of 
Ni :v:uan s Chsmiftry, z'd. L f. IJ 4 . 
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conftituent parts of the feveral gafes, the proportions 
of thefe parts to each other, and the circumftances nc- 
cefiary to each mode of combination ; we may then 
perhaps be enabled to difcover the various compofi- 
tions, decompoGtions and changes,, which thefe fluids 
fuffer in many natural operations. We may alfo per- 
haps be enabled to trace the fame fubftance through 
a great variety of forms. Thus we may obferve the 
oily concrete acid of vegetables undergoing its various 
changes through the different periods of vegetable 
life from feed to maturity ; till, by the vinous or 
other fermentations, or by fire, it be difengaged from 
the more fixed earthy matters, which were united 
with it, be more perfectly combined with phlogifton, 
and afiume an elaftic ftate. In this Gate, it may mix 
with the atmofphere, and conduce perhaps to fome 
of the ftriking phenomena which happen there ; or, 
be abforbed by the humid vapours Boating in the 
air, and again conveyed by thefe vapours into the 
organs of vegetables : thus palling along in that per- 
petual circulation of matter, which makes the Pro- 
reus-like face of Nature, an ever-varying, pleafing 
picture. Or, if we may be indulged a bolder imagi- 
nation, where our yet infant experience cannot reach; 
may not thefe fluids, while raifed into their elaftic 
ftate, undergo further changes ? May they not be de- 
compofed and rarefied into the moft active elements, 
and while they advance in this progreflion of l'ubtili- 
zation, may they not acquire new properties and pow- 
ers, unknown in denfe matter ? May they not then 
pervade all bodies, and become that highly elaftic 
ethereal medium, which, as Sir Ifaac Newton -f conjec- 
tures, may be the proximate caufe of cobefton-, of 
gravitation ; of eleCirica! attraction and repu'Jion ; of 
the refraction , reflection , inflexion, and the beat of 
the rays of light ; of animal motion, and of animal 
fenfation ? 

+ Optics, %utr. 19, 80 , si, 82 , 23, 24, and Princif ia IV- 

thtm. §. ultim. 

The E N D. 
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